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SPECIFICATION 

Chromium appearance passivate solution and process 

The present invention relates to passivation of metal surfaces to impart the appearance of a 

chromium passivate. ^L.+i^nc hi^x/*a heretofore been used or proposed for 

A variety of chK,mi^. j^^^^^^^^^ 

which are not as --P^'-J" ^trTa^ metal surfaces are those disclosed in 

Typ.cal of prior art '=°'^P°=''1°"= ^"^sPs'""^^^^^^ 090.710; 3.553,034; 3,755.01 8; 

^795 ir"! sro T72:r93?i 9i'4^'^^^^^^^^^^^^ : British Patent Numbers 586.51-7 and 

' Acco';ding toT brcadlsraspectlh e'^^^^^^^^ ir^vention provides an aqueous acidic solution useful 30 
. in the^reacS of ^ecepdve metal substrates to impart a passivate film thereon compns.ng 

A) hydrogen ions to provide an acidic pH; 

ci :?irasfone of'i'rCn lotalt. nickel, molybdenum, manganese, aluminium, lanthanum 
35 lanthanide m11rrofce°um ions or mixtures thereof in an amount effective to ,mpart increased 35 

40 b'gh. and s,mi-bngh7,yp.s although '>'™«"'' '"'""'"'rsubS^^ " 

45 magnesium and magnesium alloy surfaces to form a P^^^l^^^l^l'^^^ 

- invention .nc, cadmium^~^^ 

50 cadmium alloy, aluminium and magnesium surfaces are =°"^^'=^/iL^'^'?;„^:;^^ 

solution, at a temperature ranging from about 40= up to about 1 50= F {4° to O a ^^^^^^^^ 
typically rannina from about 1 0 seconds up to about 1 minute to form the desired P^^sivaje f^ 
A treatTng"bath formulation in accordance with the vario.^ aspects of '^^j^^ 
are described in detail below may be applied to a substrate to be treated by spray. - 
or the like for a period of time sufficient to form the desired passivate thereoa ^^Vg^f^ '"9.,^^ a 
solution is controlled within a temperature range of about 40° to about 50» F (4 to 66 Q^wah a 
temperature range of about 70= to about 90=F (21 = to 32 = 0) being P^f^l'^'^-^^^^^'^l^^^^^^ 
about 90=F (32 = C) have a tendency to cause a rapid loss of the peroxide-type ox^d-z.^^^^^^^^ when 
used whereas temperatures below about 70= F (21 =0 reduce the activity of bath requ r,^^^^ 
increased contact times to achieve a passivate film of the "':^^t•^'=^""^°:^° X^^^ 
achieved at the higher temperatures at short time intervals. Typically, ^°"^^^^V'^^^^^^^^ 
seconds to about 1 minute are satisfactorily with contact times of about 30 seconds being usually 

'''''"According CO a first aspect of the present invention there is provided a passivating solution which 
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does not contain any chromium ions and is effective for imparting corrosion resistance to zinc, 
cadmium and aluminium surfaces as weil as alloys thereof. 

This aspect of the present invention provides a treating solution artd process which is effective to 
selectively impart a dear blue-bright or a clear light-yellow passivate film to zinc, zinc alloy, cadmium, 
5 cadmium alloy, aluminium and magnesium surfaces which provides for improved corrosion resistance. 5 
The present invention is further characterized by a process which is simple to control and operate and 
which is of efficient and economical operation. 

The benefits and advantages of the first aspect of the present invention are achieved in 
accordance with the composition aspects thereof by providing an aqueous acidic treating solution 

1 0 containing as its essential constituents hydrogen ions preferably to provide a solution pH of about 1 .2 10 
to about 2.5 which can be conveniently introduced by mineral acids such as sulphuric acid, nitric acid 
or hydrochloric acid; an oxidizing ag^nt of which hydrogen peroxide itself is preferred, preferably 
present in an amount of about 1 to about 20 g/l, iron and cobalt ions in an amount effective to impart 
increased corrosion resistance to the treated substrate and preferably present in an amount of about 

1 5 0.02 to about 1 g/l to form a blue-bright or clear passivate film. 1 5 

The treating solution contains an oxidizing agent in an amount effective to activate the metal 
surface and to form a passivate film thereon, and iron and cobalt ions present in an amount effective to 
activate the bath and to impart integral initial hardness to the passivate film. The treating solution may 
optionally further contain cerium ions present in an amount effective to further activate the bath and to 

20 promote the formation of a clear light-yellow passivate film. Additionally, the treating solution may 20 
optionally contain halide ions including fluoride, chloride and bromide ions for increasing the hardness 
of the passivate film as well as one or more compatible wetting agents preferably in a small amount for 
achieving efficient contact with the substrate being treated. 

The iron and cobalt ions are conveniently introduced into the bath by way of bath soluble and 

25 compatible salts including sulphates, nitrates, or halide salts. The concentration of the combined iron 25 
and cobalt ions to achieve appropriate activation of the treating bath is controlled within a range of 
about 0.02 to about 1 g/l, preferably within a range of about 0.1 to about 0.2 g/l. The iron and cobalt 
ions individually are present in an amount of about 0.01 to about 0.5 g/l with individual amounts of 
about 0.05 to about 0.1 g/l being preferred. 

30 When a passivate film is desired having a light-yellow appearance, the treating bath further 30 

contains cerium ions present in an amount effective to further activate the bath and to impart a clear 
yellowish colour, preferably an iridescent light-yellow colour to the passivate film on the substrate 
treated. The cerium ions can be introduced in the form of any bath soluble and compatible cerium salt 
including cerium sulphate (CeCSOJj • 4H2O); halide salts such as cerous chloride {CeCl^ • BH^O); or 

35 nitrate salts such as cerium nitrate (CetNO,) • 5H2O), {Ce{N03)3(0H) • 3H2O). Usually, at least some of the 35 
cerium ions are introduced into the bath in the tetravalent state to impart the characteristic yellow 
colour of the tetravalent cerium ion into the passivate film. Certain oxidizing agents such as hydrogen 
peroxide, act as a reducing agent under the acid conditions prevalent in the bulk of the operating bath 
and reduce some of the tetravalent cerium ions to the trivalent state. However, oxidizing agents such 

40 as hydrogen peroxide revert from a reducing agent to an oxidizing agent at the interface of the substrates 40 
being treated due to the higher pH prevalent at the interface and oxidize at least some of the trivalent 
cerium ions to the tetravalent state which are deposited in the film and impart the characteristic yellow 
colour thereto. When using such oxidizing agents as hydrogen peroxide, accordingly, all of the cerium 
ions can, if desired, be initially introduced into the operating bath in the trivalent state of which a 

45 portion are oxidized to the tetravalent state at the interface of the substrate. The passivate film usually 45 
contains a mixture of trivalent and tetravalent cerium compounds and the intensity of the yellow colour 
of the film is dictated by the concentration of the tetravalent cerium compounds present. The cerium 
ions in addition to imparting a light-yellow colour to the passivate film also improve the corrosion 
resistance of the treated substrate. The cerium sulphate compound, due to solubility difficulties, is 

50 preferably added to the bath in the form of an acid solution such as a dilute sulphuric acid solution 50 
containing the cerium sulphate dissolved therein. 

The concentration of cerium tons in the operating bath can range from about 0.5 up to about 1 0 
g/l with concentrations of from about 1 .0 to about 4.0 g/[ being preferred. The concentration of cerium 
ions is in part influenced by the magnitude of the yellow coating desired and higher concentrations of 
55 the cerium ions produce corresponding increases in the yellow colour of the passivate film. 55 
^ Because of cost considerations, the cerium ions are preferably introduced as a commercially 

available mixture of rare earth salts of metals in the lanthanide series which contains cerium 
compounds as the principal component. One such commercially available material is a cerous chloride 
solution containing about 46% solids of which CeClj ■ SH^O predominates. The cerous chloride solution 
60 is derived from rare earth oxide (REG) concentrate sold by Mblycorp, Inc. of White Plains, New York 60 
under product code 531 0 containing a minimum of 99 percent total REO of which CeOj is 96%, La^Oj 
is 2.7%, Nd^Oj is 1% and PrgO,, is 0.3%. A eerie sulphate solution is commercially available from the 
same source containing about 42% solids of which CelSOJz * H2O predominates and which is also, 
prepared from product code 53 1 0 containing other rare earth metal compounds in similar minor 
65 amounts. 
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crium Ions .nd oxidizing =3"' "d''^'' ' i"t=mSm 

r^std^'^n-— ^ 

to within the desired pH range ^^^^^3^^%'^^^^^^ acid, acetic acid, or P^^P^' V'^h Js been found 3C 
sulphuric acid, nitric ac.d, hy^^^^'";^^^^^^^ presence of sulphate ions m '^^^''^'^^^^^^^^^^^ 

peroxide. Additionally, aiBTOnium and all^al. me „„„™,|ed to achieve 4 

.0 "■^'''^c^ntt.tion oHhe oxldizln, a.en.^^^^^^^^^^ 

desired surface 'PP-'-" °< '^VoTwl* ram="« '^"^ ^ " "■"T' ' °" ' 

src=r,:.'.i^«^d>^f°-S^^^^^ - 

the alkali metal and amrnon.urn salts theram a no„„ally may range np to aoout g 

The conoentratlon "V''' f f^f^.Tt Tabo^ 2.5 g/l being typical. concentration 
,0^''''lnrs:conirra"'nraspec^^^^^^^^^^^ 

o, the total handa ^-'X^Z^ZTs T^Z l^-i. ' , „, ,ath compatible 

-"T=h7the"%^-,"a:-- 

wetting agents a'soP^"^''^"^^"^! ' resent in concentrations up to about ^ g/' v - 

3.3i.3r;eto"r3r:n^^^^^^ so 

!-T'"?r,rA^=!:rJ. r Cass of suitable waning age^^^^^ su.phosuccinic 



accordance with -st aspe^^^^^^^^^^^^^^ 

, concentrate cont_aimng the a^c^ ve co_^^^^^^ ^^.^^ ^^.^^ . , 
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llt-^r^r^ptStp^a ^^^^^^^^^ , p„.dad a treating soi.ion and aa 

According to the second aspect or ;ne pr-s 
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p„ce.s which is =«e«iv= ,o innpaa ^-P-='' '-"-^^^^^^^^^ f^^^tT^TclTf:.:. 
cadmium .liov, .s •f.f^-'T^J^'^i™^^^^ which proems is simple to CPn.ro, 

:°hSh^r:reS"^d'^cormiC3,1pe^,^4^. this ana ,ha ,hird » se.eh,h asp.c,s o, 
5 the invention all utilize triyalent chromium ions. 

The benefits and advantages of the second aspect of the present invention are achieved in 
The ''^"^J'^^jf "° ^°''!,_.^^ asoects thereof by providing an aqueous acidic treating solution 
^ontafnTna'as S rsLntSrcoSuen« cVrS^ ions substantially all of which are present in the 
^rivafJ" state TreferX a^ a concentration of from about 0.05 grams per litre g/1) up to saturation 

introduced by fj^j'^f^"'^^^ I Jierred preferably present in an amount of about 1 to about 20 g/1. 

hardness to the coating, as well as a wetting agent. 
20 In this second aspect of the invention whilst it is applicable in the same way as the fi^^t^^P^f;- 

tho of decorative zinc electroplatings, a further enhancement of the appearance of such substrates 
In' ad"f^n^o^hTr^^^^ --parted '=-^'-«^,^V *e passivate f.lrn which ranges from a 

^'-^^T^^e^^e-t^:?.^^^^^^^^^^ 

" ^htn-^hrfrcbrci^^^^^^^^^^^^ 

=es^^1-=^^^^^^^^ 

hardness to the gelatinous chromate film. . 
30 The trivalent chromium ions can be introduced in the form of any bath soluble and compatible 30 

'° salt such as chromium sulphate (Cr,(SO,).), chromium alum <KCr(SOa .^^^^^^^^^^ 

as 3bo-t ^^^^^^^^^^^ 

operating bath contains from about 0.5 to about 1 g/1 trivalent chromium lons^ 

The treating solution further contains iron ions preferably present m an amount . ^3 

40 about 0.5 g/1 Sith concentrations ranging from about 0.1 to about 0.2 g/1 '^^■"S P^^f^^/^"^^^ 

in the operating bath are predominantly in the ferric state due to the P'-"^"" '"'"^^^f^^" 
although they can be added in the ferrous form. As in the case of the chromium 'ons^hf^^'-°" 
be added to the bath in the form of any bath soluble and compatible iron salt such as ferrous 
ammontm sulphaJe. ferric sulphate, f'erric nitrate, or iron halide salts^^Of the forego.ng, -1^^^^^^^^^^ 
45 comprises the preferred material for economic reasons and because the use of this salt also introduces 
the desired sulphate ions into the solution. ,^j;M«r,ai motai ion selected 

In addition to the iron ions, the bath further contains at least one f^'^^'*^"^' 'J^g^^^^^^^ 
from the group consisting of cobalt, nickel, molybdenum, manganese, if "^^^7"^"' ^J^T" "^hf caS 
thereof The foreaoinq metal ions or mi)ctures of metal ions are conveniently introduced as m the case 
50 of the Ln r^^^^^^^^^ soluble and compatible metal salts including the sulphates, nitrates or 

halide salts. For economic reasons, the lanthanum P^^^f;^^')' '"^1°^^^^^^^^ 

lanthanum compound, but as a mixture of the rare earth salts of the "^^^^'^ "J^'^^ '""'^ 
(hereinafter designated as "lanthanide mixture") which contains '^"^'^^""'^^^^""IP"'!"^^^ ^he 
predominant constituent. A commercially available lanthanide """^ ' ^"sjSo availab e mm 
55 practice of the present invention is Lanthanum-Rare Earth Chlonde. P^f^^^f^.^.f ^\^^1?EcT bh^^ 
''Molvcoro Inc of White Plains. New York. This product has the general formula LA — RECI, o|^2^^na 
raSble as a slion containing about 55 to 60% by weight solids. ''^^^^f^^^^^S^^^^^ ' 
rare earth oxide (REO) concentrate containing a minimum °l'^^°^^}>''^'^,^\^^^^ 7.5% 
about 60% lanthanum oxide {La,03). 21.5% neodymium ox.de (Nd.O,). 1 0% cenum ox.de (CeU.J. 
60 praseodymium oxide {PreO„) and 1% of residual REO. =.„„o;,r tn have anv adverse 

The presence of such other rare earth metals in the solution does not appear to have a"Y ^^^^ 
effect at t^e low concentrations in which they are present and may further contnbut to the activation 
the treating solution in forming the passivate film. treatina bath is 

The concentration of the additional metal ions for appropriate activation of the treating oatn 
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20 



.nn;nn from about 0.02 up to about 1 g/1 with concentrations of 
controlled to provide a concentration ranging from about u.u 

from about 0.1 to about 0.2 g/l ^^""^j^^J^^'^?^. ^^^^^ aspect of the invention can conveniently be 

The operating bath m accordance v^'^h ^^'S "° ^^'^^ngtituents with the exception of the 
prepared by employing a "'"""^^f a bath containing the constituents 5 ^ 

5 oxidizing agent which is adapted to be '^J^^^J'^'J^^ignishment of the bath on a continuous or 
within the desired concentration S'-T^^'^^Y'^^^^^^ active constituents with the 

intermittent basis can be achieved em ploy mg a fj'l^^^^^ operating bath. Typically, a bath 
exception of the oxidizing agent which '^.^^^f Jq^^P ^Sut 30 g/l chromium ions, about 0.5 to about 10 
make-up concentrate can contain ^^l^^^f ""^^^g'" metal ion of the group consisting of 10 

1 0 g/l iron ions, from about 5 to about ^O^' f '!^^=^°"3;,hanide mixture or mixtures thereof, halide 
cobalt, nickel, molybdenum, "^^"Sanese Janthanum lamna ^ employed. Such a 

ions up to about 20 g/l and a suitable s"rfa^^^"J ' J aSou^ 98 5 volume percent water to produce an 
make-up concentrate is adapted to be d.luted^^^^^^^ P agent such 

operating bath contain ng ^^^^^^lls °e into the bath preferably in a form 1 5 

as hydrogen peroxide, for example is separate^ . ^^^^^^ hydrogen perox.de. 

commercially available -^"^^'"'"^/^""^f "^^e^^ °vem there is provided a treating solution and 

According to the third aspect of P'^^"^^^^^ passivate film to zinc, zinc alloy, cadmiuni, 
process which is effective to impart a ""^^^'^'^iXlVs w^^^ provides for improved corrosion resistance 

25 containing as its essential '^^"S*'^"^"^ "^J°about 0.05 grams per litre (g/l) up to saturation, 
trivalent state preferable at a ^oncentrat on of ^^^"^ ^'^^^^^^^^ ^ to about 2.5 which can be conveniently 
hydrogen ions preferably to provide a P^^^^^^^^^^ hydrochloric acid: an oxidizing agent 

introduced by mineral acids such as sulphuric acid, nrtr c ac^ or hy ^^^^^^ ^^^^^ ^ 

of which hydrogen peroxide itself '^^'^'J^l';^^^^^^^^^ the bath and the formation of a clear 30 

g/l, and cerium ions present m an amount eTrecuve i. 

^ght-yellow chromium P---^^^«'7,°SJ*;^e;^Srg lo'^^^ solution may optionally and preferably 

In addition to the cenum ions n t^e treating so , ■ i^on, cobalt, nickel, 

further contain an additional metal ,on f ^^/^^ niixtures thereof to provide a 

molybdenum, manganese, lanthanum ^I'l'^^^^ZTZn ll mentioned for the eariier aspects of the 35 
further activation of the bath and Pf ^'^f^^^^^'^^ "^^a^" ions^ ^^^^^^ hardness to the coat ng m 

invention the solution may optionally ^^^°J'°J}^^J'^'^^^^ can be introduced with the treating 

,0 "rSition to the cerium ions, the bath -Vj^^^^^^^^ 

additional metal.ion selected from the group cons.s .ng ^^^^iTereot Such metal ions may be 

ro= irtS:ra;^^^^^^^^^^^^^^ - - — — - "^"^ 

45 "^^"lIp-inTb-^SrnSrdancewi^^ 

prepared by employing a c°"""^^^tej:onta.mng the active ^ ^^.^^ ^^^.^^ ,^,3 

cerium ions and oxidizing aQf^t which .s adapted to ^« "^^^^^^^ ^ cons^ within the desired 

oxidizing agent are separately added a continuous or intermittent basis can be 

concentration range. Similarly ^^^P'^^'^'l^^Jl^con^^^^^^ with the exception of the cerium ions and 50 
50 achieved employing a concentrate "^^^ a?e^^^^ the operating bath. Typically a bath makeup 

oxidizing agent which are '"^'-^"^"Y ^'^^f abrursO^U^^^^^^^ ions, from about 0.5 to about 50 g/l 
concentrate can contain from about ^ ° ^°l°°^\°yj^^ ^.^balt nickel, molybdenum, manganese, 
of additional .. .eta! ions of the g^°"P.^°";'f to about 20 g/l and a suitable 

lanthanum, lanthanide mixture, or mixtures 57^^,-3 ^^ake-up concentrate is adapted to be 55 

surfactant in an amount up to about 5 9^ fj^P^^^^i^.^-.^^^^^^^^ and an oxidizing agent are added to 
diluted with about 96 volume percent ^T'l^^^' J^^^^^^^ within the ranges specified. The oxidizing 
produce an operating bath containing ^h^ acm/e co^st^^^^^^^^^ ^^^^ preferable in a 

agent such as hydrogen perox.de. for ^''^"^P'^J '^^f P 5"'^^^^^ by volume hydrogen peroxide 

form commercially available containing ''°ir^^°^l^^^^^^^^^ it desirable to introduce this 60 

As previously advised, the low solub.Ur/ ^^'Pl'^.j^i^ g^iution. Normally, the use of 

constituent into the operating bath in the form °^ an ^"^"^^"^ ' concentrate with the remaining active 
cerium sulphate in the high -^"""tranons necessa l°eTipitation o the cerium compound. Even 
constituents other than the P^ "''I'l'dror nh ate sa>t the presence of sulphate Ions in the 
when the cerium is introduced as a hal.de or ""'''l^^^'^^^":^ ^^^^^^ precipitation. Accordingly, the 65 
concentrate employed introduced by the other constituents causes prec p 
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cerium concentrate is preferably formed as a separate addition component and may comprise aqueous 
acidic solutions of cerous chloride or eerie sulphate having a cerium ion concentration of from about 
200 to about 320 g/l and about 60 to 100 g/1, respectively. Such cerium concentrates may 
conveniently be comprised of the commercially available materials hereinbefore described available 
5 from Molycorp, Inc. i • j 

According to the fourth aspect of the present invention there Is provided a treating solution and 
process which is effective to impart improved corrosion resistance to zinc, zinc alloy, cadmium and 
cadmium alloy, as well as aluminium and magnesium surfaces and to impart a desirable suri^ace finish 
which can range from a clear bright to a light blue-bright to a yellow iridescent appearance, which 

1 0 produces a passivate film of improved clarity and initial hardness, which process is simple to control 1 0 

and operate and which is of efficient and economical operation. 

The benefits and advantages of the fourth aspect of the present invention are achieved in 
accordance with the composition aspects thereof by providing an aqueous acidic treating solution 
containing as its essential constituents, chromium ions substantially ail of which are present in the 

1 5 trivalent state preferably at a concentration of from about 0.05 grams per litre (g/l) up to saturation, .1 5 

(and which can be introduced as discussed for the second and third aspects), hydrogen ions preferably 
to provide a solution pH of about 1.2 to about 2.5 which can be conveniently introduced by mineral 
acids such as sulphuric acid, nitric acid, or hydrochloric acid, an oxidizing agent of which hydrogen 
peroxide itself is prefen-ed, preferably present in an amount of about 1 to about 20 g/l, a bath soluble and 

20 compatible organic carboxylic acid present in an amount effective to impart initial hardnes and clarity 20 
to the passivate film, the said organic acid having the structural formula: 

(0H)3 R (COOH)b 

Wherein; 

a. is an integer from 0 to 6; 

25 b is an integer from 1 to 3; and 

R represents an alkyi, aikenyl, or ar/i group containing from C, to Cg carbon atoms; 
as well as the bath soluble and compatible salts thereof, and at least one additional metal ion 
selected from the group consisting of iron, cobalt nickel, molybdenum, manganese, lanthanum, cerium 
and tanthanide mixtures, as well as mixtures thereof present in an amount effective to activate the bath 

30 and formation of a chromium passivate film of the desired appearance on the substrate treated 30 
desirably imparting initial hardness to the gelatinous chromate film. As mentioned for the eariier^ 
aspects of the invention the solution may further optionally contain halide ions for imparting additional 
hardness to the coating, as well as a wetting agent, in this fourth aspect of the invention whilst it is 
applicable in the same way as the first aspect in the case of decorative zinc electroplatings, a further 

35 enhancement of the appearance of such substrates in addition to the corrosion resistance imparted is 35 
achieved by the passivate film which ranges from a clear bright to a light blue bright appearance 
simulating that of a chromium deposit or alternatively, a clear light-yellow appearance simulating that 
obtained by use of a prior art hexavalent chromium solutions. 

In addition, the bath further contains at least one additional metal ion selected from the group 

40 consisting of iron, cobalt, nickel, molybdenum, manganese, lanthanum, lanthanide mixtures and 40 
cerium, as well as mixtures thereof. The foregoing metal ions or mixtures of metal ions are conveniently 
introduced into the bath by way of bath soluble and compatible metal salts including the sulphates, 
nitrates or halide salts, as discussed for the second and third embodiments and such materials as are 
discussed above for those aspects can be and desirably are used in this aspect of the invention. 

45 The concentration of the additional metal ions other than cerium ions for appropriate activation of 

the treating bath to produce a clear to blue-bright appearance is controlled to provide a concentration 
ranging from about 0.02 up to about 1 g/l with concentrations of from about 0.1 to about 0.2 g/l being 
preferred. While such metal ions can be used in concentrations above 1 g/l, such as, up to 1 0 g/l, the 
use of such higher concentrations even in the absence of cerium ions tends to produce dull films of a 

50 yellow tint rather than the desired clear or light-blue films. For this reason, such higher concentrations 
are undesirable from an appearance standpoint. 

A further essential constituent of the improved bath of the present invention compnses an 
organic carboxylic acid or salt thereof of the structural formula as hereinbefore set forth present in an 
amount effective to impart increased clarity and initial hardness to the gelatinous chromate film 

55 deposited. The unexpected improvement in clarity of the film is particularly pronounced in corinection bb 
with the light-yellow iridescent films produced from cerium ion containing solutions. The particular 
concentration or range of concentrations of the clarity/hardness agent will vary in proportion to 
molecular weight of the particular acid and/or metal salt employed with higher concentrations required 
for an equivalent effectiveness as the molecular weight of the additive agent increases. The particular 

60 concentration to achieve optimum clarification and hardness is also dictated to some extent by the - BO 
concentration of the other metal ions present in the bath with higher concentrations being used as the 
metal ion concentrations increase. Generally, the organic carboxylic acid additive agent or metal salts 
thereof can be employed in amounts ranging from about 0.05 up to about 4.0 g/l with concentrations 
of about 0.1 to about 1 ,0 g/l being usually preferred. 
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The additive can be introduced as the organic acid itself or as any bath soluble and compatib e 
metal salt including the alkali metal salts, ammonium salts and salts of the several additional metal ions 
in the bath. For economic reasons, the organic acid is usually introduced as an acid or as the sodium or 



containing as IIS essentieai uuiiatituciiio, .-n.w. ....... .w..- , - . , /,* * 

trivalent state preferably at a concentration of from about 0.05 grams per litre (g/l) up to saturation 
(and which can be introduced as discussed for the second to fourth aspects), hydrogen ions preferably 
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potassium salt thereof. • u i- k 

Within the scope of the structural formula as hereinabove set forth, organic carboxylic acids 5 
which have been found particularly suitable include malonic, maleic, succinic, gluconic, tartanc and 
citric acids, of which succinic and or succinate salts have been found particularly effective. 

The operating bath in accordance with this fourth aspect of the invention can conveniently be 
prepared by employing a concentrate containing the active ingredients with the exception of the 
1 0 oxidizing agent and cerium ions, if used, which is adapted to be diluted with water to form a bath 
containing the constituents within the desired concentration range. Similarly, replenishment of the 
bath on a continuous or intermittant basis can be achieved employing a concentrate of the active 
constituents with the exception of the oxidizing agent and cerium ions, if used, which is added 
separately to the operating bath. Typically, a bath make-up concentrate can contain from about 10 to 
1 5 about 80 g/l chromium ions, from about 1 .0 to about 80 g/l of the organic carboxylic acid and/or salt 
additive agent, from about 5 to about 50 g/l of at least one additional metal ion of the group consisting 
of iron, cobalt, nickel, molybdenum, manganese, lanthanum, lanthanide mixture or mixtures thereof, 
halide ions up to about 5 g/l if employed. Such a make-up concentrate is adapted to be diluted with 
about 98 volume percent water to produce an operating bath containing the active constituents within 
20 the ranges specified. The oxidizing agent such as hydrogen peroxide, for example, is separately 

introduced into the bath preferably in a form commercially available containing from about 35 to 40 
• percent by volume hydrogen peroxide. The cerium ions when employed, are preferably introduced m 
the form of an aqueous add solution of cerous chloride or eerie sulphate having cerium ion 

concentration of from about 200 to about 320 g/l and about 60 to about 1 00 g/l respectively. Such 

25 cerium concentrates may be conveniently comprised of the commercially available materials 

hereinbefore described available from Molycorp, Inc. " ^ . ...hi^h 

According to the fifth aspect of the present invention there is provided a treating solution which 
aims to reduce the severity of a problem of loss of oxidizing agent associated with prior art baths. Thus 
while improvements have been made in trivalent chromium passivate compositions and processes to 

30 produce commercially acceptable passivate films, a continuing problem associated with such operating 30 
baths has been the relatively rapid loss of the peroxide-type oxidizing agent, particularly hydrogen 
peroxide, which is present as a necessary bath constituent to achieve acceptable passivate films. Such 
prior art operating baths also undergo a relatively rapid rise in pH necessitating careful control and 
addition of acids to maintain the pH level within the optimum operating range. The progressive loss of 

35 the peroxide-type oxidizing agent, particulariy hydrogen peroxide, is due in part to the presence of 
activating metal ions present in the solution as well as contaminating metal ions such as zinc or 
cadmium, for example, introduced by dissolution of the metal from the substrates being treated which 
tend to catalyze a decomposition of the peroxide oxidizing agent. The progressive loss of the peroxide- 
type oxidizing agents occurs not only during processing but also during standing of the bath overnight 

40 and over weekends during plant shutdown. Typically, a fresh operating bath containing 3,o by ^oiume 
of a 35% solution of hydrogen peroxide on standing overnight will lose about 0.1 % by volume per hour 
of the hydrogen peroxide oxidizing agent while a used solution containing from about 2 to about lO 
grams per litre of contaminating zinc ions will experience a loss of hydrogen peroxide at a rate as great 
as about 0.4% by volume per hour. It will be apparent from the foregoing that careful monitoring of the 

45 operating bath composition and frequent replenishment of the peroxide oxidizing agent is required to 
maintain optimum bath efficiency which is not only costly but also time consuming. 

Thus this fifth aspect of the present invention aims to provide a treating solution and process which 
is effective to impart improved corrosion resistance to zinc, zinc alloy, cadmium and cadrnium alloy, as 
well as aluminium and magnesium surfaces and to impart a desirable surface finish vvhich can range 

50 from a clear bright to a light blue-bright to a yellow iridescent appearance, which produces a passivate 
film of improved corrosion resistance, hardness, durability, clarity and initial hardness, which provides a 
treating solution that is stabilized against rapid loss of the peroxide oxidizing agent and against a rapid 
rise in pH. which process is simple to control and operate and which is of efficient and economical 

operation. . u- -i ■ 

55 The benefits and advantages of the fifth aspect of the present invention are achieved in 

accordance with the composition aspects thereof by providing an aqueous acidic treating solution 
containing as its essential constituents, chromium ions substantially all of which are present in the 
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60 to provide a solution pH of about 1 .2 to about 2.5 which can be conveniently introduced by mineral 
acids such as sulphuric acid, nitric acid, hydrochloric acid or the like, an oxidizing agent of which 
hydrogen peroxide itself is preferred, preferably present in an amount of about 1 to about 20 g/l. a 
stabilizing additive comprising a mixture of 1 -hydroxyethylidene-1 .1 diphosphonic acid and citnc acid 
and the bath compatible and soluble salts thereof present in an amount effective to reduce loss of the _ 
65 peroxide oxidizing agent and to stabilize the pH of the operating bath, and at least one additional metal bb 
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ion selected from the group consisting of iron, cobalt, nickel, molybdenum, manganese, aluminium, 
lanthanum, lanthanide mixtures, and cerium as well as mixtures thereof present in an amount effective 
to activate the bath and formation of a chromium passivate film of the desired appearance on the 
substrate treated. As mentioned for the earlier aspects of the invention the solution may optionally 
5 contain halide ions for imparting additional hardness to the coating, and optionally, a wetting agent. It 5 
may also incorporate a bath soluble and compatible silicate compound present in an amount effective 
to impart increased corrosion resistance and hardness to the passivate film e.g. in an amount of about 
0.01 to about 5 g/l calculated as SiOj as discussed in connection with the sixth aspect below. It may 
also incorporate a bath soluble compatible organic carboxylic acid present in an amount effective to 
1 0 further impart initial hardness and clarity to the passivate film as discussed in connection with the 1 0 

fourth aspect above. 

In this fifth aspect of the Invention whilst it is applicable in the same way as the first aspect in the 
case of decorative zinc electroplatings, a further enhancement of the appearance of such substrates in 
addition to the corrosion resistance imparted is achieved by the passivate film which ranges from a 
1 5 clear bright to a light blue bright appearance simulating that of a chromium deposit or alternatively, a 15 
clear light-yellow appearance simulating that obtained by use of prior art hexavalent chromium 
solutions. 

A further esse'ntial constituent of the treating bath in accordance with the fifth aspect of the 
invention is the stabilizing agent comprising a mixture of 1 -hydroxy ethylidene-1 ,1 diphosphonic acid 

20 and citric acid as well as the bath soluble and compatible salts thereof. The combination of the 20 
diphosphonic and citric acid constituents appears to provide a synergistic action in not only reducing 
the decomposition and rate of loss of the peroxide-type oxidizing agent but also in stabilizing the pH of 
the operating bath preventing a rapid rise as had heretofore been experienced in prior art-type trivalent 
chromium passivation treating solutions. Typically, the two stabilizing constituents are added in the 

25 acid form or as the alkali metal or ammonium salts thereof. A commercially available material suitable 25 
for use is sold under the brand name Dequest 201 0 by Monsanto Chemical Company and comprises 1 - 
hydroxy ethylidene-1,1 diphosphonate. 

The diphosphonic acid or diphosphonate constituent can be present in the operating bath in an 
amount of about 0.05 up to about 3 g/l with amounts of about 0.1 to about 0.5 g/l being preferred. The 

30 citric acid or citrate constituent can be present in the operating bath from about 0.1 to about 1 0 g/! 30 
with amounts of about 0.5 to about 1 .5 g/I being preferred. 

An optional but preferred constituent of the treating bath comprises a silicate compound present 
in an amount effective to provide an improved corrosion protection and hardness to the passivate film 
formed on the treated substrates. The silicates to be used and the amounts in which they should be 

35 used are discussed in more detail beiow in connection with the sixth aspect of the present invention. 35 
In addition, the bath further contains at least one additional metal ion selected from the group 
consisting of iron, cobalt, nickel, molybdenum, manganese, aluminium, lanthanum, lanthanide mixtures 
and cerium as well as mixtures thereof. The foregoing nnetal ions or mixtures of metal ions are 
conveniently introduced into the bath by way of bath soluble and compatible metal salts including the 

40 sulphates, nitrates, or halide salts, as discussed for the second to fourth aspects and such materials as 40 
are discussed above for those aspects can be and desirably are used in this aspect of the invention. 

The foregoing metal ions or combinations thereof with the exception of cerium ions are employed 
for producing a clear to a light-blue passivate film. When a light-yellow iridescent passivate film is 
desired, cerium ions are employed, preferably in combination witii one or more of the other metal ions 

45 to produce a passivate film simulating in appearance the light yellow passivate films heretofore 45 
obtained employing hexavalent chromium passivating solutions which have been recognised and 
embodied is ASTM specifications in view of their characteristic colour and associated excellent 
corrosion resistance. The cerium ions can be introduced in the manner discussed above in connection 
with the first third and fourth aspects. 

50 The concentration of the additional metal ions other than cerium ions for appropriate activation of 50 

the treating bath to produce a clear to blue-bright appearance should be controlled in the manner 
discussed in connection with the fourth aspect of the invention. 

When the operating bath is to contain an organic carboxylic acid or salt thereof as discussed in 
connection with the fourth aspect of the present invention, the teaching there given should be 

55 followed. However, the presence of a silicate compound in the operating. bath as discussed below in 55 
^ connection with the sixth aspect of the present invention has been found to also contribute to improved 
clarity of the.passivate film, and accordingly, the use of the organic carboxylic acid addition agent is 
usually unnecessary when a silicate compound is employed in the bath. 

The operating bath in accordance with this fifth aspect of the invention can conveniently be 

60 prepared by employing a concentrate containing the active constituents with the exception of the 60 
oxidizing agent and cerium ions, if used, which is adapted to be diluted with water to form a bath 
containing the constituents within the desired concentration range. Simiiariy, replenishment of the 
bath on a continuous or intermittent basis can be achieved employing a concentrate. of the active 
constituents with the exception of the oxidizing agent and cerium ions, if used, which is added 

65 separately to the operating bath. Typically, a bath make-up concentrate can contain from about 1 0 to 65 
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^ . Kn ^/i of at least one additional metal ion of the 

, 5 comb^ation «ith an inorganic silica,. =7'»""/,'„^^i',|rs pr^^^ AccordinalV. such lo™9<""9 . 

-In^rar^^ 
20 discussed below in connect.on ^'^^^ ^''''^.^.'S stable concentrations conventionally contam 

30 diluted with water to the desired """"''"f"^"''",, employed. A particularly suitable 
'° aSdld along with '>'i;>'"°"'\^^^:,"^,:^^Z^:Si>^is Suram 220 availabi. from Enrery 

=^S^^Sr:l^^Z^^^^^^,„^, citrate stablli.ng additive can be 

lncorp™^Sra^^1hf,^i"^.hFen3^^^^ 

Srect Iv in the chromium containing =°""";7'%*2^"edTn conjunction with the organic s'l'^ate 
p;::£e process, or in the second c-cem^rate em^^^^^^^^^^^^ compound and ^ 

m a vanety^oT wdy nrPsent invention. . . , ^ troatina 
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repStr=rd=s,^trra^:«s°s^^^ 
E^nt'iu^: r:rri=je.":iion^^^^^^ - — — " °' 

^""re^s::^ an optional post passivation sUlcate rlrtse .™ 

following the passivation '"™^Ve ^lVd jLCssiv^^^^ -'u'l"" '"f "! She 

steps usuallv at room •-'"P''^" •° X* he post silicate rinse solution In accordance with the 
whereafter the substrates are ,.„enth aspect of the present .nvent.on. 

'"°^'ro^iingr.:J=ect"oTr^^^^^^ 
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compositions and processes to produce commercially acceptable passivate films, such films as 
initially formed have been found in some instances to lack sufficient initial hardness to enable handling 
of the substrate through further work stages without encountering damage to the passivate film. 
Additionally, such trivalent chromium passivate compositions and processes have also been found in 
some instances to lack optimum corrosion resistance, hardness and durability and produce films which 5 
are somewhat cloudy and I^ck optimum clarity from an appearance standpoint 

Thus this sixth aspect of the present invention alms to provide a treating solution and process 
which is effective to impart improved corrosion resistance to zinc, zinc alloy, cadmium and cadmium 
alloy, as well as aluminium and magnesium surfaces and to impart a desirable surface finish which can 
^g^ge fj-o^ 3 clear bright to a light blue-bright to a yellow iridescent appearance, which produces a 10 
passivate film of improved corrosion resistance, hardness, durability, clarity and initial hardness, which 
process is simple to control and operate and which is of efficient and economical operation. 

The benefits and advantages of the sixth aspect of the present invention are achieved in 
accordance with the composition aspects thereof by providing an aqueous acidic treating solution 
containing as its essential constituents, chromium ions substantially all of which are present in the 1 5 

trivalent state preferably at a concentration of from about 0.05 grams per litre (g/l) up to saturation 
(and which can be introduced as discussed for the second to fifth aspects), hydrogen ions preferably to 
provide a solution pH of about 1 .2 to about 2.5 which can be conveniently introduced by mineral acids 
such as sulphuric acid, nitric acid, or hydrochloric acid/an oxidizing agent of which hydrogen peroxide 
itself is preferred, preferably present in an amount of about 1 to about 20 g/l, a bath soluble and 20 
compatible silicate compound present in an amount effective to impart increased corrosion resistance 
and hardness to the passivate film. (preferably present in an amount of about 0.01 to about 5 g/i 
calculated as SiO^), and at least one additional metal ion selected from the group consisting of iron, 
cobalt, nickel, molybdenum, manganese, aluminium, lanthanum, lanthanide mixtures and cerium, as 
well as mixtures thereof present in an amount effective to activate the bath and formation of a 25 
chromium passivate film of the desired appearance on the substrate treated. As mentioned for the 
earlier aspects of the invention, the solution may optionally contain halide ions for imparting 
additional hardness to the coating, and optionally a wetting agent, it may also incorporate a bath 
soluble compatible organic carboxylic acid present in an amount effective to further impart initial 
hardness and clarity to the passivate film. , 30 

In this sixth aspect of the invention whilst it is applicable in the same way as the first aspect in the 
case of decorative zinc electroplatings, a further enhancement of the appearance of such substrates in 
addition to the corrosion resistance imparted is achieved by the passivate film which ranges from a 
clear bright to a light blue bright appearance simulating that of a chromium deposit or alternatively, a 
clear light-yellow appearance simulating that obtained by use of prior art hexavalent chromium 35 

solutions. * . . * u 

A further essential constituent of the treating bath in accordance with the sixth aspect of the 
invention is the silicate compound present in an amount effective to provide an improved corrosion 
protection and hardness to the passivate film formed on the treated substrate. The silicate compound 
may comprise a bath soluble and compatible inorganic or organic silicate compound as well as 40 
mixtures thereof which are preferably present in an amount of about 0.01 up to about 5 g/l calculated 
as SiOa'with concentrations of about 0.1 to about 0.5 g/I being prefen-ed. When inorganic silicates are 
employed, concentrations above about 2 g/l in the operating bath are undesirable because of the 
tendency of the silicate to form fine flocculent precipitates with the metal ions present in the bath 
under the acidic conditions present which contributes towards bath instability. Organic silicates, on the 45 
other hand, provide for improved bath stability and are preferred for the formation of make-up and 
replenishment concentrates because of the improved stability and prolonged shelf life. 

Inorganic silicates suitable for use in the practice of the present invention include alkali metal and 
ammonium silicates of which sodium silicate (NajO • xSi02 (x=2 — 4) and potassium silicate 
(KjO ■ ySiOj (y=3 — 5) are preferred for economic reasons. Organic silicates which can also be 
satisfactorily employed include quaternary ammonium silicates which include tetramethyl-ammonium 
silicate, phenyltrimethylammonium silicate, distlicate and trisilicate, and benzyltrimethylammonium 
silicate and disiltcate. Such silicates meeting the purposes of this invention may be expressed by the 
following general formula: 



50 



ROR'ixSiO^iyH^O 55 

V ■ 

Where R represents a quaternary ammonium radical substituted with four organic groups selected 
from the groups alkyi, alkylene, alkanol, aryl, arkylaryl or mixtures thereof, R' represents either R or a 
hvdrogen atom, x equals 1 to 3 and y equals 0 to 1 5. 

Such water soluble organic silicates including their synthesis and characterization are more tuny 
described in the literature such as the article by Merrill and Spencer, "Some Quaternary Ammonium 50 
Silicates", published in the Journal of Physical and Colloid Chemistry, 55, 1 87 (1 951 ), the substance 
of which is incorporated herein by reference. Similar silicates including typical synthesis thereof are 
disclosed in United States Patent 3,993,548 to which reference is also made for further details. 
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r u „«in<: at least one additional metal ion selected from the group 
in addition, the bath further contams ^^^"^^ aluminium, lanthanum, lanthanide mixtures 

consisting of iron, cobalt, ^^^f enum, man^^^^ ^^^3, ,^,3 3 

and cerium as well as f ,1^°^^^^^ and compatible metal salts mclud.ng the 

conveniently introduced into the ^^th by ^ to fifth aspects and such matenals as ar^ 

5 sulphates, nitrates, halide salts, as ^'^-^^f J^J ' (^^^ ^sed in this aspect of the invention. 

discussed above for those aspects J,Hh the exception of cerium ions are employed 

The foregoing metal ions or '=0'"'''"^^;°"= whe^a Hqht-yellow iridescent passivate film is 
for producing a clear to a P^^^^Tv?^^^^^^ °^ °f 

desired, cerium ions are ^n^P oyed preferabh/ m cornom^^ passivate films heretofore 

1 0 to produce a passivate film f '7'^""9 ^^PP^^Sat" which have been recognized and 

obtained employing hexavalent ch om.urn pass.vati^^^^ colour and associated excellent 

with the first, third, fourth and f'^|].f.sP«f^-^„, ^^her than cerium ions for appropriate activation of 1 5 
1 5 The ----T^^'-'^lT.t^i^tot^^^ sUoui^ be controlled in the manner 

the treating bath to produce a clear " g^^^^ts of the present invention. 

discussed in. connection with the fourth and ^=^^^^'^3°^^^^^^ or salt thereof as discussed in 

When the operating bath .s to contam ^" "'^^^^^^^^ given should be followed. 

the fourth and fifth aspects of ^^^^ P^^^^^^'^f "J^^op^^^^^^^^ accordance with this sixth aspect 20 

20 The presence of the s.l.cate «''^P°""^ '^g^^^jS^^^ to improved clarity of the passivate 

of the invention has unexpectedly been ^"""^J" ^'^i^°3"Jd agent is not essential when a 

..5 ""\te operating bath in accordance with tMs 

prepared by employing a concentrate "'^^ ^^^gp^erto be diluted with water to form a bath 
oxidizing agent and cerium ions .f "^f ' ^^^'J^^^^^^^^^^^^^^^ range. Similariy, replenishment of the 
containing the constituents within the desired con^en^J ,^ ^ concentrate of the active 

bath on a continuous or interm.nent basis can be achieved emp V 9 ^^.^^ ^^^^^ 30 

30 constituents with the ^^^Pj- "I^^^^^ 3 Eath^^^^^^^ can contain from about 10 to 

separately to the operating bath. TYP'callV, a batn maKe p compound calculated as SiO,, 

about 80 g/1 chromium ions from about 5 ^^J^out 30 g/1^^^^ tne s ^^^sisting of iron, cobalt, 

from aboulB to about 50 g/1 of at °J^'^'^7anthan^^ mbcture or mixtures thereof, halide 

nickel, molybdenum, manganese. i^^^^T^-^^^ln Tn^^^^^^ about 5 g/l if employed. Such a 35 

35 ions up to about 50 g/1 and a suitable ^^rfj^J^^^^^ abouTsS volume percent water to produce an 

make-up concentrate is adapted to be '^'''^^f J'^^J^^^^ ranges specified. The oxidizing agent such 
operating bath containing the active <'°^^^'^^'^']^.^^^^^ bath preferably in a form 

as hydro'gen peroxide for «f .-P'^v'^ ^^P^^^tl^^^o 40 p^^^^^^^^ by volume hydrogen peroxide, 
commercially available containing from ^bout J5 to ^ introduced in the form of an aqueous acjd 

The cerium ions, when ^^P°'^^f'^'ff'llYnT^'^^^^ concentration of from about 200 to 
solution of cerous chloride or cer.c P.^^^!,f ^^^^"^^.'tlveT Such cerium concentrates may be 
^co^^ln^i^n^c™ cr^^r°° r; av materials hereinbefore described available from 

"^'^Te'fL-rtgoing triva.ent chromium concentrate contair.^^^^ 

and acid components has a tendency '°J°''^J'';"^^^'^^^^^^ such foregoing concentrates are 
the high concentrations and acidic conditions P^/=^"'-j;^^^^ bath containing the active 

normally diluted with water shortly P/^P^I^f ^Te^f 5rth^^ in accordance with this sixth 

constituents in the desired concentrations. It has be^^^^ ^^^^^ 3^^ P^°'°"^^ ^ 

50 aspect of the present invention ^.^^^^^^'^^^^J^Vorgar^c silicates of the types heretofore set forth .n 
shelf storage life can be provided by the use . „ halide ions and a wetting agent. Such 

fornblnation with the trivalent chromium '°;^^3;^^ °P 'S",f3^bou 80 g/1 trivalent chromium ions, about 
stable concentrates conveniently ^-'^'''^1''^''°^^^^ .incate calculated as SiO,. halide -ons up to 

5 up to about 50 g/1 of an organic ^^^^^^^^'^^^^'^'T^^^t 5 g/I. Such stable concentrate is aaapi«u .. be 
55 about 50 g/1 and a surfactant in an -;;"°^"\"3P;°„'^^^^^^^^ acid components, the additional me al 

used in conjunction with a -^-'^^"d^ concentrate contam g ^ carboxylic acid and/or salt 

ions in an amount of about 5 to contain a portion or all of the 

additive agent if used. Such second '^""""'^^'^gfi^gt trivalent chromium concentrate, 
halides and wetting agents if not «"^P ^^^^^^ '^^j^'^^ j^^^^^^ concentrate, the organic s.l.cate .s f rst 
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suitable for make-up of the operating bath by dilution with water containing as its essential 
constituents trivalent chromium ions and an organic quatemary ammonium silicate which provides 
compatibility and storage stability over prolonged time periods. ' 

As discussed above for the first to fifth aspects the treating bath can be applied to the substrate 
5 in a variety of ways and the process conditions described for these aspects can and desirably should be 5 
used for this sixth aspect of the present invention. 

At the conclusion of the passivation treatment, the substrate is extracted from the treating 
solution and is dried such as by warm circulating air. Ordinarily, such passivated substrates, particularly 
work pieces processed while supported on a work rack are characterized as having a uniform passivate 
1 0 film over the surfaces thereof requiring no further processing. In the case of small work pieces which 1 0 
are treated in bulk such as in a rotating processing barrel, some damage such as scratches can occur in 
the passivate film during treatment and is desirable in such instances to subject such work pieces to 
post silicate rinse treatment (as discussed below as the seventh aspect of the present invention) to seal 
any such surface imperfections thereby substantially improving the corrosion protection of the barrel- 
15 processed parts. ^5 
When such an optional post passivation silicate rinse treatment is employed, the substrate 
following the passivation treatment is preferably subjected to at least one or a plurality of water rinse 
steps usually at room temperature to remove residual passivate solution from the surfaces thereof 
whereafter the substrates are contacted with the post silicate rinse solution in accordance with the 
20 teaching given below in connection with the seventh aspect of the present invention. 20 
According to the seventh aspect of the present invention there is proved a treating process which 
addresses the same problem as the sixth aspect of the present invention namely that of damage to the 
passivate of the passivated work pieces during subsequent processing. Thus while improvements have 
been made in trivalent chromium passivate compositions and processes to produce commercially 
25 acceptable passivate films, such films as initially formed have been found in some instances to lack 25 
sufficient initial hardness to enable handling of the substrate through further work stages without 
encountering damage to the passivate film. Additionally, such trivalent chromium passivate 
compositions and processes have also been found in some instances to lack optimum corrosion 
resistance, hardness and durability, and produce films which are somewhat cloudy and lack optimum 
30 clarity from an appearance standpoint. '30 
Thus the seventh aspect of the present invention aims to provide a process which is effective to 
impart improved corrosion resistance to zinc, zinc alloy, cadmium and cadmium alloy, as well as 
aluminium and magnesium surfaces and to impart a desirable surface finish which can range from a 
clear bright to a light blue-bright to a yellow iridescent appearance, which produces a passivate film of 
35 improved corrosion resistance, hardness, durability, clarity and initial hardness, which process is simple 35 
to control and operate and which is of efficient and economical operation. 

The benefits and advantages of the seventh aspect of the present invention are achieved by a 
process which provides an aqueous acidic treating solution containing as its essential constituents, 
chromium ions substantially all of which are present in the trivalent state preferably at a concentration 
40 of from about 0.05 grams per litre (g/I) up to saturation, (and which can be introduced as discussed for 40 
, the second to sixth aspects) hydrogen ions preferably to provide a solution pH of about 1 .2 to about 2.5 
which can be conveniently introduced by mineral acids such as sulphuric acid, nitric acid, or 
hydrochloric acid, an oxidizing agent of which hydrogen peroxide itself is preferred, preferably present 
in an amount of about 1 to about 20 g/I, at least one additional metal ion selected from the group 
45 consisting of iron, cobalt, nickel, molybdenum, manganese, aluminium, lanthanum, lanthanide mixtures 45 
and cerium as well as mixtures thereof, contacting the substrate with the said aqueous acidic solution 
for a period of time sufficient to form a passivate film thereon, and contacting for a period of at least 
about one second the passivated substrate with a dilute aqueous rinse solution containing a bath 
soluble and compatible silicate compound present in an amount effective to impart improved corrosion 
50 resistance and hardness to the passivate film, and thereafter dr/ing the passivated silicate rinsed 50 
substrate. 

The aqueous acidic solution may be as described in connection with any of the first to sixth 
foregoing aspects, and it may be used in the same way. 

Following the passivation treatment, the substrate is preferably subjected to one or a plurality of 
55 water rinse steps which may be at room temperature orat elevated temperatures whereafter the 55 
^ passivated substrate is contacted with a dilute aqueous silicate solution in the form of a final rinse step. 
The contact time of the passivated substrate with the silicate solution may range for a period of at least 
about one second up to about one minute or longer and the silicate solution may range in temperature 
from about 50^ up to about 1 50°F (TO*' to Se^C). Following the silicate rinse step, the substrate is 
60 dried such as by circulating hot air, for example. 60 
The aqueous silicate rinse solution preferably contains as its essential constituent, a bath soluble 
and compatible inorganic or organic silicate compound as well as mixtures thereof p^esent^n an 
amount of about 1 to about 40 g/I, and preferably from about 5 to about 1 5 g/I (calculated as SiOj). In 
organic silicates suitable for use in the practice of the present process include alkali metal and 
65 ammonium silicates of which sodium silicate (NajO - xSiO^ (where x equals 2 to 4)) and potassium 55 
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i T tn are oreferred for economic reasons. Organic silicates 
silicate (K,0 • ySiO, (where v equals 3 ^° ° ' ^'^PJ^'^g^g^ngp. ammonium silicates which include 
which can also be satisfactorily ^"'P'^y^l,'"^^^^^^^^^ disilicate and trisilicate. and 

tetramethylammonium silicate phenvUnme^^^^^^^^^ ^^.^^^^^ ,^ ,he present mvent.on 

benzYltrimethylammonium silicate ana aismt- . ^ 
have the following general formula: 

ROR'ocSi02:YH20 



R or 



1< 



15 



20 



„,nni„m radical substituted with four organic groups selected 

?rKS=^^^ — — = ^'^"^ 

,0 ^ ^^^sSc^-^s-^bTor^^^^^^^^^ 

described in the literature such as the l,'^^^^^^'^^'^'^,,^^^ 55. 1 87 (1 951 ). the substance 

Silicates", published in the Journal of P^^^'"' f ".J Jr° Ltes and a typical synthesis thereof are 
of which is incorporated herein bV reference ^^"^J^^^^fXr^nc^ is also made for further details, 
disclosed in United States Patent 3;f 3'548^° ^'^^^^^^^^^^^^^^ ^,,,^3^^ preferably 1 

.o^X^:^^ ^Slr^^of^SrchTh^ pSum^nd sodium silicates as hereinabove described 

--l^^dSn^Srs^cate compound the sU^^^^^^^^^ 

soluble and compatible wetting ^^^"Vo^'o Sout 5 0 X^^^ ^nse may also optionally include : 

conventional amounts of about 0.05 up to ^bout J O^^- ^^^^^^ amoum of from about 1 

an emulsifiable organic substance such as an ernuls.fi ab^^^^^^^^ ^^^^^^^ ferrous substrates 

up to about 50 g/l to provide an oily Hn^ on the no" ^^^J P processing steps of the parts. When such 

to provide temporary P™^^'^^'"" ^^S^pa^^^^^^^^^ «^^P'^' ^'""^ '''^ 

parts have surfaces which are completely passivaieu 

25 the optional emulsifiable oil is jg not desired but temporary rust protection of 

Similarly, there are aPP"?,f' °e iases a finai rinse containing an alkali metal or 
interior unplated surfaces is still ^^r'^.^.^-J^'J^^'^T^ount of about 0.1 to about 1 .0 g/l may be used_ 
ammonium nitrite such as sodium "l^^'^^^^-S-J" i^q^ is preferably used in conjunction with the 
,n addition a wetting agent or comb'na^on ^^^^-a^^e^ ^ g/P-phe presence of silicates in the final 
30 sodium nitrite e.g. m the amourits or aoo"^^- 

rinse is also compatible with this treatment- ^^^^^^ ^^^^^^^ embodiments will 

The invention may be put into practice m ^J^^^^^^ accompanying examples. 

^"^srs riiriirr^ert;™^^ p--^ ^ 

35 passivate through using a bath °t.?inrnd TsoTct'of the invention which utilizes iron and cobalt as 
Examples 2.1 to 2.8 relate to the second aspect ot tn^ ^^1^.^^^ pass.vates. 

the metallic activator and also i-o^P-a es 7^J«";;S,;7,^^^^^^^^ utilizes cerium as the metallic 

activa^orTnTag^aL^inc^o^^^^^^^^^^^^^^^^ ' -"^^ ^^^^'^^^^ ^'"^"^ " 

.0 --t-prriTor3lere^othefou.ha^^^^ 

Sox°^li?L1d^n^^^^^^^^^^^^^ S^irofT^^^^^^^^^^^ Which utilizes a bath soluble silicate 

Examples 5.1 to 5.8 relate to the fifth "Pect ot tne in ^^^^^ the 

corrosion resistance. ^.^oort nf the invention which utilizes a mixture of citric 

a^da^d^^tr^ic^ui-^h^cfsprnr^^^^^^^^^^^^ 

the baths of the types described ^^^^--^^h ^.^^^^^^^^^^ which is a post passivation 

silicatfrsfp^oceVsw^Mch^^^^^^^ °^ 

^^^-^cVro^mium-freepassivatingconcentratew^^^^^^^^^^^^ 

1 2 g/l ferrous ammonium sulphate. 80 S^' =^^^,5^' ^^a^ which 2% by volume of the 
sulphuric acid. An operating bath "^^^ ^[1^.^!^^^''°^^^^^^^ percent hydrogen peroxide 

foregoing passivating concentrate "^^^^^^^ '""^l^^^^^^^^^ about 1 .5 to about 2.0. 
(38% concentration). The operating had been water rinsed after the 



45 



55 



60 
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: TH-Wuish pao.va>.n, ..n, on the surface 

^,ra«erized as having a x"''"'" "= 5 ,„ about 2.0. 

"rn'o;.ito.^„,--^^^^^ ^ 

iume of a hydrogen perox.de _ .^^.^ were .mrnersed ^^^^ 

■""Jn opiating bath was prepaid containing: 



10 



Ingredient 
CrjlSOa^a 
HjSO* 

CoSO*-7H,0 



Concentration 
9/1 

.18 
1.2 
5.3 
. 0.25 
1.6 

6H2O 



20 



..^us.n,n,o„,u.Su,pha,e...,SO.M.H.S0^-^^^^^^ 
' Srn?.'^nTgK.-hP,ng. 



25 



30 



^""^iTo" ating ba«, was prepaid containing: 



Concentration, 

gfi 



35 



IS 



40 



Cr2lS04l3 
H1SO4 

FeNHaSO* 
CoSO.-7H,0 



5.6 
0.4. 
2.7 
5.3 
0.58 
3.75 



C0SO4 • 7H,0 exception that the 

.aope,a.ngbatho,.a„p.2.;^^^ 

45 substantially equivalent to tnos 



er 



40 



45 



^'""?„%"rating bath was prepared containing: 



Concentration 

g/i 



50 



55 




NH4HF 



50 



55 



•Nickel Ammonium Sulphate- 



-NiSOa ■ INHJ^SO. 



. 6H2O 



097 024- A 



15 



15 



10 



^'"Co%*3,ln, «as prepared ,d=n«ca, ^^^^'^^iTj^^^S^r^o^^^s^^^^ 

that 16 g/1 of Plckel sulphate was «"l='°V«'J n place of 2^1 Wio employing the treatmg 

platef <•* panels treated In the ■^^""VrJ^ZA^Z'''*''^ «=> 
ra^f-^ST^.'^ -e^tii:"^^^^^^ a sjhtlv less .Iplsh colouration. 

^-T'stfe^o*fras"Us=.ut.ons»arepr=^^^^^^^^^ 



10 



Table 1 



15 



Concentration, g/i 



15 



fngredient 



2£A 



2.5B 2,5C 2.5D 



20 



Cr^lSOJa 
NH4HF2 

H2SO4 

FeNH^SO^ 
C0SO3 
NiNH^SO^ 



3.0 
0.24 
1.54 
'5.3 



3.0 

0.24 

1.54 

5.3 

0,25 



3.0 

0.24 

1.54 

5.3 

0.25 

1.6 



3.0 

0.24 

1.54 

5.3 

0.25 



20 



_ _ _ 2.1 



25 



30 0. 



35 



40 



combination of iron and nickel ions. • ^^\^.ions a traditional hexavaient chromium pass.vatmg 
In addition to the foregoing operating JJ^''^, containing 0.63 g/1 sodium d.chromate, 

Stsl; rmTnl^^-^^fflu^de-oM^uT nitriclcid. This sc.ution is designated as 

-'"^'°Oup^^Se sets of 3 inch by 4 inch ^ by - 

plated using a non-cyanide zinc platmg (ASD)) whereafter they were 

amperes per square foot (ASF) 2.2 A-P^;^; immersed in the respective treating 
thoroughly rinsed. Each set of ^'"^ P'f/^^^^^ J^^r h^y were warm water rinsed, air-dned^and 

solution for a period of twenty seconds wherearter xney .gstma in accordance with ASTM 

hlrea"er°allowed to age t-enty-four hours prjor o sa^ ^^^^^ ^ ,„,3, three 

standards. The test panels were ^^^lected to the five perc ^.^^^^^ any passivation 



25 



3C 



Example 



Table 1 

Neutral salt spray test results 

Test Percent White 

pgpef Corrosion, % 



Percent 
Red Rust, % 



50 



2.5F 
2.5A 
2.5B 
2.5C 
2.5D 
2.5E 



Untreated 



5B 
5C 
50 
5E 



50 

45—55 
10—15 
less than 2 
less than 10 
45—55 



50% 
0 

n 

0 
0 
0 



eased on the foregoing test result!. IS apparent the, 
test panel treated with solution 2.5E is a failure. 
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Example 2.6 

An operating bath was prepared containing: 



Concentration, 
ingredient g/i 



^ Cr^fSOJg 3.0 

NH^HF^ 0.24 

HjSO^ 1.54 

FeNH^SO^ 0.24 

in ^^^2 5.3 

MnSO^.HjO 1.0 



10 



Electroplated zinc test panels prepared in accordance with the procedure as set forth in Example 
2.5 were immersed in the bath of Example 2.6 for a period of 30 seconds, warm water rinsed, air dried 
and allowed to age 24 hours prior to 5 percent neutral salt spray testing. For comparative purposes, 
zinc test panels were treated with the solutions 2.5A and 2.5E of Example 2.5 and subjected to the' 
1 5 same salt spray evaluation. 15 
After 48 hour salt spray, an inspection of the several test panels revealed that the panels treated 
with the solution of Example 2.6 had superior corrosion resistance to that of the panels treated with 
solutions 5A and 5E 

Example 2.7 

20 An operating bath was prepared containing: 20 

Concentration, 
ingredient g// 

Cr^fSOJa 3.0 

NH.HF^ 0.24 

25 H^SO^ 1.54 25 

FeNH^SO^ 0.24 

H2O2 5.3 

H2Mo04-H20 1.0 

Bectroplated zinc test panels prepared in accordance with Example 2.5 were imm'ersed in the bath 
of Example 2.7 for a period of 30 seconds, warm water rinsed, air dried and allowed to age for 24 30 
hours pnorto 5 percent neutral salt spray testing. For comparative purposes, zinc test panels were 
treated with the solutions 2.5A and 2.5E of Example 2.5 and subjected to the same salt spray 
evaluation. 

After 48 hours of salt spray test, an inspection of the panels revealed that the panels treated with 
the solution of Example 2.7 had superior conrosion resistance to that of the test panels treated with 35 
solutions 2.5A and 2. 5E. 

Example 2.8 

An operating bath was prepared containing: 

Cone en tra tio n, 

Ingredient g/i 4q 



30 



35 



40 



45 



CrjISOJj 3.0 

NH.HF, 0.24 

H2SO4 1.54 

FeNH4S04 0.24 



H2O2 5.3 45 

(NHJ4(NiMo024H5)4.4H20 - 1.0 

Electroplated zinc test panels prepared In accordance with the procedure described in Example 
2.5 were immersed in the bath of Example 2.8 for a period of 30 seconds, warm water rinsed, air dried 
and allowed to age for 24 hours prior to a 5 percent neutral salt spray test. For comparative purposes, 
bO zinc test panels were treated with the solutions 2.5A and 2.5E of Example 2.5 and subjected to the 50 
same salt spray evaluation. 

After 48 hours salt spray, an inspection of the panels revealed that the panels treated with the 
solution of Example 2.8 had superior corrosion resistance in comparison to the panels treated with 
solutions 2. 5A and 2, 5E. 
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superior corrosion resistance to the P^"^'^ ^ jhe test panels treated in accordance with E 
5 containing iron ions In combinat.on w.th rnanganes^^^^^^ p^^^,^ treated w.th the tesr 

Examples 2.7 and 2.8 also possessed °' "^s^vhereas the test panels treated wth the 
solution 2 5B of Example 2^5^on- ^ro ' nd manglese ions po3se3sed corrosion res.stance 

^^'"S'c^ncUtratea.lAwaspreparedcornpHsingan^^^^^^ 

trivalem chromium ions introduced as f -Jj^^ ^ ^^^^^^i^fuTL^^^^ and 4% by volume of 
Company), 1 2 g/l ammonium chloride. 1 2 g/l ferrous am 

concentrated sulphuric acid. 3 1 B was prepared containing 60 g/l tetravalent cenum 

15 A second aqueous acidic concentrate 3^1 B w^^^^ 

ions introduced as Ce(SO,). - 4H,0 '^f3^°'"j;3^^^^^^^ 2% by volume concentrate 3.1 A. 

An operating bath was prepared ''^^^'^^fZl ofa 38% solution of hydrogen peroxide. 
2% by volume concentrate 3.1 B and 1 .5 /c ^^'^^^^Jl ^g^h for 40 to 60 seconds had light-yellow 
Electroplated zinc test panels ^'l';,"? ^'^''"^ 

20 iridescent passivate films on the surfaces thereof. 

similar to Example 3.1 . 

Example 3.3 ^ „ „„„„„a,a 3.1 A of Example 3. 1 except .ha< 6% by 

„o,.mVrJ;,i? S wa" m7oyed Tn p.ace o. 4% sulP«;= ^ 3.3A, 
"° An operating bath was prepared =°-?"/;f "^^j"^'^"^ rume of a 33* solution of hydrogen 



35 Example 3.1. 



Example 3.4 . .... ™entrate 3.2A of Example 3.2 except that 6/0 by 

k concentrate 3.4A was P^.^.P^^'^^^'^J'^^^'^^^^l sulph^rric acid. ^ _ . , 

volume nitric acid was employed m place of 4/6 2% by volume concentrate 3.4A, 

'° An operating bath was prepared water^n«>rung^2^^^ ^ ^^^^ ^^^^^.^^ of hydrogen 

Jfror^'SteT^^^^^^^^^ 



Example 3,1 . 



^-"St^?e^ors:y^,n=?o.eo„s test solutions ^^^^^^^^^^^ 

« ^tT^t:^"i?:i;,o^n'iotro;edp 

additions on the colour, -^ardne^s and ^r^V -_s.s'-- ^.tn In *e presence of mild ag.tat.on for 
ZS^SiS^^^^^^^;i^^\S^i:^ :Sut 300 g. ceHum ions, the 

dissolved in a dilute sulphuric acid sol'Jtion the moiyoa ^^^^^.^^ containing about 85 g/l 

molybdate dry salt: the lanthanum .ons '"'"'/"^^^^^ sulphate. The test solutions are 

lantLnum ions and tHe -bait ion- ^ P ^, 3,,,,.,, are summansed m 

55 designated as Examples J.om io o.-^^ 
Table 2. 
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Table 2 
Metal ion concentration g/l 
Example 3.5A 3.5B 3.5C 3.5D 3.5E 3,5F 3.5G 



Metal ion 

5 Qr^^ • ' 1111111 5 

Ce-*-^ 2 2 2 2 2 2 2 

Mn-*-^ — 0.9 — — — — — 

Fe-^^ — — 0.22 — — 0.08 0.08 

Mo+« — — — * ,1.0* — — — 

10 La-^^ _ _ . _ _ 1,0 — — 10 

Cq-*-^ ^ — — — — — — 0.13 



Each test panel after immersion in the test operating bath was water rinsed and air dried and was 
visually inspected for colour and clarity. All of the test panels treated in solutions 3.5A to 3.5G were of 
a substantially uniform light-yellow colour varying in clarity from a clear yellow film to films which were 

1 5 slightly hazy or hazy as set forth in Table 3. Each test panel after air drying was immediately tested for 1 5 
hardness of the passivate film by a light finger rubbing. The comparative hardness test results of the 
passivate film on the test panels treated in test solutions 3.5A to 3.5G is set forth in Table 3. It will be 
noted, that after a 24 hour aging of the test panels, the passivate film thereon became hard and rub 
resistant. The advantage of a passivate film which is hard immediately after air drying is that it can be 

20 handled for further processing without undergoing damage to the deposited film. Each test panel 20 
treated with test operating solutions 3.5A to 3.5G was also subjected to a neutral salt spray for a period 
of 72 hours and the surface area, expressed in terms of a percentage, in which a white corrosion 
deposit was formed is also tabulated in Table 3, 

Tables 

25 Test results 25 

Neutral Salt Spray 
72 Hrs,—% White 





Example 


Clarity 


Hardness 


Corrosion 






3.5A 


SI. haze 


Soft 


50 




30 


3.5B 


SI- haze 


Soft 


100 


30 




3.5C 


St. haze 


Hard 


10 






3.5D 


Haze 


Hard 


0 






3,5E 


SI. haze 


Soft 


100 






3.5F 


Clear 


Soft 


2 




35 


3.5G 


Clear 


Hard 


0 


35 



Based on the data as set forth in Table 2, from a clarity and hardness evaluation. Example 3,5G is 
a definite pass. Examples 3.5C and 3.5F are acceptable, which Examples 3.5A, 3.5B and 3.5E are less 
acceptable based on general appearance. From the standpoint of corrosion resistance. Examples 3.5D, 
3.5F and 3.5G are definite passes, 3.5C a marginal pass, while Examples 3.5A, 3. 58 and 3.5E are 

40 considered not acceptable based on ASTM corrosion standard specifications for a 72 hour neutral salt 40 
spray evaluation. It should be pointed out, however, that each of the test samples possess improved 
corrosion resistance in comparison to an untreated electroplated zinc test panel and the passivate films 
which failed the 72 hour neutral salt spray test are nevertheless acceptable for less rigorous service 
exposures. The corrosion resistance provided by the Example 3.5G is substantially comparable to that 

45 attainable with conventional prior art hexavalent chromium passivate solutions of the types heretofore 45 
known. It will also be appreciated that variations in the types, combinations and concentrations of the 
meta! ions contained in the test solutions can be made to optimize and improve the clarity, hardness 
and corrosion resistance of the test panels over the results as set forth in Table 3. The selection of a 72 
hour neutral salt spray condition is relatively severe and is generally employed for parts subjected to 

50y exterior exposure such as in automotive components. The 72 hour neutral salt spray test is normally 50 
applied to yellow hexavalent chromium passivates although some specifications require only 48 hours 
while others require a 96 hour exposure. The 72 hour test period was, accordingly, selected as being of 
average severity. 

Examples 4.1 A to 4.1 G 

55 A series of trivalent chromium containing concentrates were prepared suitable for dilution with 55 

water to make up an operating bath in f urther combination with an oxidj zmg^ agent and cerium or 
lanthanum ions as follows: ' """^ 
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Concentrate 4.1 A 

Concentration, 
Ingredient 



C0SO4 • ^\ 
Ferrous ammonium sulphate ' 
Sodium fiuoroborate 
Succinic acid 
Nitric acid (100%) 

Concentrate 4.1 B 

Concentration, 
ingredient 



Cr 



.+3 



24 
20 



NaC! ^5 
Ferrous ammonium sulpliate ^ 

Sodium succinate 

Nitric acid (100%) 



Concentrate 4.1 C 



Concentration, 



in gre die n t 



Ferric ammonium sulphate 
Sodium succinate 
NaCl 

Nitric Acid (100%) ^^''^ 
Concentrate 4.1 D 

Concentraf/on, 

ingredient 



Cr- 



24 

Ferric ammonium sulphate 
Succinic acid 
NaCI 

Nitric acid (100%) 

Concentrate 4.1 E 



60 



Ingredient 



Concentration, 

911 



50 

Ferric ammonium sulphate 

NaCl 25 
Maionic acid 
Nitric acid (100%) 



Concentrate 4.1 F 

Concentration, 



Ingredient 



~2 

30 

Fe2(S04)3 20 
NaCl 20 
Gluconic acid ^ 
Nitric acid (100%) 
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Concentrate 4.1 G 



Concentration, 

g/i 




Ferric ammonium sulphate 
NaCI 

Maleic acid 
Nitric acid (100%) 

^^^^^^^^ . 

?o™«ion of 3 clear hard y."ow p=ssiva.a Mm. 
-•"C„:la^rl^Lcan,ra.,w.spro.-.— ^ 

p.s1l»L f?m on a substrata J^iColume o( on. of .he chromliim concan,«tes 

"olume of the oxidizing agent concentrate, anoz^ y 

S„rpfat°~i^;^as described in E,a™;e^*^2 - 

sSna^ho^eUr^TeS^/^r.^^^^^^^^^^^ 

"'"i?;^f^'?aSatedpene,s=f.»mP..S3^-/ 

containing, respectively, ts,«ipW CO^^^^^^ """"""^ " C?'^d''ujnareae 

,.,st 24 hours and ="l'if«;f„S"teT5^e co™Sn resistance results that were obtained us,ng these 

1 1 7. -The following Table 4 indicates in^ u 
formulations: Table 4 

C/7rom/am HoursNeutral 
Example Concentrate 



10 



25 



30 



35 



40 




45 



4.2B 



4.2C 



4.1B 



4.1C 



Clear with 
some dark 
spots. 

Clear with 
some dark 
spots. 



Clear with 
some dark 
spots. 

Some dark 
spots— 1% 
white spots. 



15 



20 



25 



30 



35 



40 



45 



50 



" Th,ahoyeresul.ssho..hatpan^..ea,ed.«^^^^^^^^^^^ 
andC passed the 96 hour salt spray test. S.m.lar 

Other concentrates. 

having a composition as follows: 



55 



21 



Ingredient 
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Concentrate 5.1 A 

Concentration, 

g/i 



Ferric ammonium sulphate 
Sodium ciiloride 
Nitric acid (100%) 
Succinic acid 



20 



10 



15 



20 



The trivalent chromium ions ^ere 'ntroduced as C (^^^^^^^^^ ^^^.^^^ containing about 80 1 0 

A cerium ion concentrate designated as Cj^^^J"^ gy^, g^iphuric add solution. An ox.d.z.ng 

g/l eerie Ions in the form of «"^="'P'^^'^''^-^„ ' '"I^^^^^^^ hydrogen peroxide. A sodium s.l.cate 
fgent concentrate was a»so provided conta.n.ng abou 35 /o y 9^,^^,^^^^ siO,. 

concentrate was also provided f^'/.^d c^^^^ water containing 2% by volurne of 

A yellow passivate operating bath ^'/f^P'^X J° ^"^^ate 5. 1 B, ZTo by volume of the oxidizing 1 ~ 
Concentrate 5.1 A. 2% by volume of the ^^""'"^^Xm s^^^^^^^^^ concentrate. 

agent concentrate and 0.4% jolunie of the soduim s^^^^^ electroplating step to deposit a 

Steel test panels were sub)ected to ^"l^^^J^'^^^^ rinsed and immersed with ag'«t.on m the 
zinc pfating thereon after which they -f^^^f^^^'^^^^S atTtemperature of about 70°F (21 »C) and 
passivate operating bath ;°^^%P^«^"°2out 2 0 The test panels were thereafter extracted from the 2C 

^pSrarinTb^t^h^'nTwe^e" dried Jth -'^'^'i'^J'^f J^JS/J^and were observed to have a very hard clear 

■ The test panels after drying were '"'P^f,^,g 24 hours, were subject to a neutral salt 

yellow passivate film. The test P^"/'= « ^^^^-ng fo^a ^4 ^^^^ ^^^^^^^ ,^ accordance 

Ipray corrosion test according to AS™ Procedure B 1 ^ 3^,, ^.p^s^^e for a period of more 2 

25 with the present process exhibited excellent salt spray res 
than 96 hours. 

30 having a composition as follows: concentrate 5.2A 

Concentration^ 
In gre dien t 

■ ^50 r 

Cr^' . . 40 

g Fenic ammonium sulphate 

Sodium chloride 

Nitric acid (100%) °Q 
Sodium silicate 

(calculated as SiO^) 

volume of the oxidizing agent concentrate described in Example 5.1 were immersed 

Test panels prepared in accordance with the pr^^^^^^^^ ^^^^^ ^^^^ ,21 "O and at a 

in the operating bath for a period of f pan^s were dried with recirculating warm air 

45 pH ranging from about 1 .5 to about 2.0. ^he treated test pa sj^gte film. The test panels 

and thidried panels were °bsen/ed to have a very hard d^^^^^^^^ ^ P ^^.^^^ ^^^^p,^ ^-^^^t,"!:^ 
-c5?o^oi:ss^reSersaT^^^^^^^ exposure for a period of more than SB hours. 



ouserv'c 



50 



having a composition as follows: concentrate 5.3A 



Concentration, 

Ingredient ^ 

' 50 

Cr''^ 40 
Ferric ammonium sulphate 
Nitric acid (100%) ^0 
Sodium chloride 




passivate film. _ . . .3,^ gpray resistance evidencing excellent corrosion 

The test panels also possessed good salt spray 

protection. 



10 



Concentrate 5. 4 A 



Ingredient 



ConcentratioHt 



15 



Quaternary amine silicate* 
Sodium chloride 



30 
15 
15 



20 



20 



*Quaram 220, calculated as SiO^. 



*Quaram zzu, caituidtc^ z- 

• ■ r.nrpntrate 5 4A was subjected to prolonged storage and 

In addition, a second concentrate designa^ 
composition as follows: 



25 



Concentrate 5.4B 



25 



Ingredient 



Concentration, 



30 



Nitric acid (100%) 
Sulphuric acid (100%) 
Ferric sulphate 
Cerium chloride 



60 
30 
25 
120 



30 



35 



40 



45 



50 



2% byvolume Of Concentrate 5.4B and 2/o by volume 

and under the conditions as descnbad '"!^"'''J=^.i"o ha»a an e«celtent harO and clear yellow 
recirculating warm air. The test ^'"fXpraV S=Ts,t "a s^^^^ -™ 

-^^r^^Tn^-^traTsXpT^ 
"'Tllo=ndse,l.aof.lac.roplatadzlnc,.tp.n.^ 

previously described In Example 5.4 J^'J ^^"onds in an aqueous solution at room 

btarurrc^STo^^^^^^^^^^ 

Xfter aging, the test panels were subiected to a -"tr ! s_al^t sp ^ y ^^^^ ^^^^^^ ^^^^ ^'^^^ bath 
salt spray resistance after exposure of 96 to ^ ^ titrate ions in the passivate operating batn 
sflica^e rinse treatment is «-P'°ved the presence of some -^^^^^ ^^^^.^^^^ „^ ^3 3 ,,3,K of 

is desirable to avoid the formation of some haze, in some 
the post dip operation. 

^^"XlTopf ratln, hath sui.... for ^^^^^^^^SS^iS^ S^vtnTa'c'rp^sSrs 
was provided by forming a concentrate designated as l-o 
follows: 



35 



40 



45 



50 



55 



55 
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Concentrate 5.6A 

Concentration, 

In g red} en t 



Nitnc acid (100%) 
Sulphuric add (100%) 
Succinic acid 
La-RE-Cl3 



oxidizing agent concentrate of f"P'^J:_| " . ..^^ .^e operating bath In accordance with the 

corrosion test for a period of from 48 up to 72 hours. 

Examples 5.7.1 and 5.7.2 ^„..ntr:.tP was oreoared designated as "Concentrate 5.7 A" 

A trivaient chromium containing concentrate was prepareu u y 

having a composition as follows: 

Concentrate 5.7A 

Concentration, 

Ingredient ^ 



10 



15 



30 

Sodium chloride 
Sodium silicate 
25 (calculated as SiOj) 



substrate was 
Concentrate 5 



1, 



35 



An operating bath (Example 5.7.1) suitable for ^^^^^f^^^^^^^^^^^ 

^ prepared by employing 2% by vo ume of Co"^^"*/^;; aqent concentrate of Example 5. 

4B of Example ^-^ and 2o/o by volume o t^^^^^^^^^^ p333i,3te 

, the other hand, an operating baJhJExamp^e 5^7-2) sm table to p Concentrate 
30 film was achieved by employing 2% by ""1^ ° .^^^^^^^^ Example 5.1 . 

^•^^xrpTnirs^t^rdfn^ic^^^^^^^^^^ 

excellenfpassivate films and exhibited excellent corros.on protection. 

Example 5.8 v = v,i,.« hriaht oassivate film on a receptive substrate 

5.8A" having a composition as follows. 

Concentrate 5.8A 

Concentration, 

4Q Ingredient 

Cr-^ 

• 13 
Sodium chloride 

Sodium gluconate 

Quaternary amine silicate* 

45 'Quaram 220, calculated as SiO^ 

. secon. co„c,n,ra,e .es^nated a. ••Conc=«.,e 5.BB" wa= provided havin, a compos„-,on as 
fo"ows: Concentrate 5.88 

Concentration, 

gQ Ingredient ^ 

Nitric acid (100%) ^° 
Sulphuric acid (100%) 

AMSOJ3 



■ «f Concentrate S.SA, 

. „ bath v«as prepared comp ^^^^^^ of the ox. described \n 

. of concentrate b.o accordance wvth *e pr« j Testing of sucn 

itral salt spray corr .„tive substrate was 

'^s- e.,i«ate on a recepwe s .^^ ^ 

oitina a veUow pa^^^'^lu -g "Concentrate 6.1 
^ . bath suuable for depos.tmgj V^^^^ C 

arating ^'^^V " ,ent chroin.um conce 
Ingredient 



24 



10 



15 



30 
15 
15 



Cr ammonium silicas -15 

Cr.SO.,.-thes.cateco.po.nd.as 

..a.ntchro...--V^^^^^^^^ 
3-%o^^^^^^^^^^^^ 

cerium .on conce Concentrate 6.1B ^^^^^„tration, 

ws: g/l 

Ingredient 




20 



25 



HNO,000%) 

Fe.tS0.)3 ..on containing about 300 g/» 

''^^ abvwavofaceriun.ch.oridesoiut.onco ^ 

..eceriumionswereintroducedb^^^^V^^^^^^^^^^^^^^^^^^^^^^^^^ 



30 



nxravc 

order to 



the controi sampie. i . j^osphonate ^V^^^fd and 0.08 g/i ^. , commercial 

>-nVo^3^Sareasfoiiows: ^^^^^^^ ,oncer,.ation and pH 

HYdrogenperox^^^^^^p,^ 



Example 
Time 




50 



55 



0.50% 



2.5 
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10 



15 



20 



20 



2E 



3( 



.0. .esuus as set... . ^^^^^ ^ 

?e°p,enishment of the oxidizing agent .n Samp. 6^1 ^1 wou.d^th ^^^^ peroxide after 2 1 hours wh.e 
5 about one day. In contrast, sample 6-1 -3 exn.Dite q in combination with 1 g/1 of citric acid also 

sample 6.1 .2 containing.a lesser ?"a"t.tY of Dequest ^ 
exwSited a surprising superiority in P«^°'*'f ^^dg^V^^^^^^ in the foregoing table. Control 

The stabilization of pH is also ev.den fr^^^ ^^^^/^^^/h would have necessitated the addmon of 
sample 6.1 .1 rose to a pH level of ^-^^^^'^.^J^^ ^^^^^ferred operating range of 1 .5 to 2-0- On the 
1 0 acid to the operating bath to ms^!^xam the P^J^'XSnti^lly stable and remained w.thm optimum pH 
other hand, both samples 6.1 .2 and 6.1 .3 were 
range over the test duration. 

^^'"jlTat'eousstabilizerconcentratewaspre^^^^^^^^^^ 15 
hydroxy ethylidene-1 ^diP^osphonate (Dequest 201 OK^^^^^^^^^^ ^ ^S,^ ^K^^TcontTor 
described in Example 6.1 3% voli^^^^^^ ^^^^ ^^..^g ^^^^ baths A control 

BIB 3% by volume of the oxidizing co"^®"!,??^^^:" ' ri-ad an initial peroxide concentration of 3^ but 

peroxide concentration of 3% and after a period or 

2.43 percent. 

pr...nt rnvemion under commeraa oper3^ J'™^^^^^^^ , composition similar to the 

rhrrrr:.:;?/z.t.5.o,.o.t2.oa,^ 

30 hydrogen peroxide as the o»dmng ^'"'■'^"'^^.'^'^^c'l^^.^hn^M of the perox.de oxid.ling agent 

operating pH o»er th. six day test P«"2<' "J^™ ^3, the "ame commercial °P'7''"9 >i„'^ Sto 
necessity of acid addition to f »,iVe ™ n, mor-itoring of pH and periodic addition of acd 

lTnSS?pHr,rrdrern,% of ,W , , ,h ■ 

Bright Zinc electroplated parts '•''"^^''^ZK yZlSls''^'^-) corrosion test according to 
after aginS for at i.ast 24 hours -"^J^^Ztn ^:^^^"'! S ie'yeUow passivate film was evidenced 
:rn^e oftii;Ic^rro:"n1r;e°^-«er 9a hours salt spray testing. 

SO '"'"^i:!4i.i..tionofacommercialope....ngt^^^^^^^ 
?-S^f3?t?ar:%?cXn-^^ 

^rcrirnrofahro"; °:rjt^0».s «lta,ned are similar ,0 those asdescr.hed 

Example 6.3. 

^"-S^\%^,ingha.hsui,,Ple.or«.^v.^^^^^^ 
60 provided by forming a concentrate designated as 



40 



45 
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Concentrate 6.5A 

Concentration, • 
Ingredient g/I 



35 



HN03{10G%) 60 

HiSO^(100%) 30 

Fe^lSOJa 25 

FeCla 5 

Diphosphonate* . 8.5 

Citric acid 36 



10 Ce-^^ 120 10 

*Dequest2010 

An operating bath was prepared comprising 3% by volume of the chromium ion concentrate 6.1 A 
of Example 6.1 , 3% by volume of concentrate 6.5A and 3% by volume of the oxidizing agent 
concentrate containing about 35% hydrogen peroxide. 

1 5 Steel test panels were subjected to an alkaline non-cyanide electroplating step to deposit a zinc 1 5 

plating thereon after which they were thoroughly water rinsed and immersed with agitation in the 
passivate operating bath for a period of about 30 seconds at a temperature of about 70°F (21 °C) and 
at a pH ranging from about 1 .5 to about 2.0. The test panels were thereafter extracted from the 
operating bath and were dried with recirculating warm air. 

20 The test panels after drying were visually inspected and were observed to have a uniform clear 20 

yellow passivate film thereover. The small addition of ferric chloride to the operating bath provides an 
improvement in the colour intensity of the yellow passivate film in comparison to that obtained 
employing the passivate operating bath of Example 6.1 . 

The test panels after aging were subjected to a neutral salt spray test in accordance with the 

25 procedure described in Example 6.3 and similar results were obtained. 25 

Example 7.1 

An operating bath suitable for depositing a yellow passivate film on a receptive substrate was 
made up as follows: A trivalent chromium containing concentrate designated as "Concentrate 7.1 A" 
having a composition was first made up as follows: 



30 Concentrate 7.1 A 





Concentration^ 


Ingredient 


gli 


Cr^^ 


25 


Ferric ammonium sulphate 


30 


Sodium chloride 


20 


Nitric acid (100%) 


60 


Succinic acid 


20 



. 0, r- 



30 




35 



A cerium ion concentrate 7.1 B was provided containing about 80 g/I eerie ions in the form of 
.ceric_su jpharft I n ajdl jute (a bout 5%) sulphuric acid solution. An oxidizing agent concentrate was also 
40 provided containing about 35% hydrogen peroxide. . ' 4q 

A yellowpassivate operating bath was prepared comprising water containing^2% by volume^ of 
Concentrate /riAr,2% by voTume of tRe cerium ion concentrate 7.1 B and 2% by vofurW o f the ox rdizing 
agent concefrtfate 7.1 C. 

An aqueous silicate rinse solution was provided containing 1 0 g/i sodium silicate calculated as 

45 SiO, 



45 



Steel tests panels were subjected to an alkaline, non-cyanide electroplating step to deposit a zinc 
plating thereon after which they were thoroughly water rinsed and immersed with agitation in the 
passivate operating bath for a period of about 30 seconds at a temperature of about 70°F (21 **C) and 
at a pH ranging from about 1 .5 to about 2.0. The test panels were extracted from the operating bath. 

50 subjected to a tap water rinse and were thereafter contacted with the silicate rinse solution for about 50 
30 seconds at a temperature of about 70^ F (21 °C). The silicate rinsed test panels were thereafter 
extracted from the rinse solution and were dried with recirculating warm air. 

The test panels after drying were visually inspected and were observed to have a very hard clear 
yellow passivate film. The test panels after aging for at least 24 hours, were subjected to a neutral salt 

55 spray corrosion test according to ASTM Procedure B-1 1 7. The test panels treated in accordance with 55 
the present process exhibited excellent salt spray resistance after exposure for a period of more than 
96 hours. 
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lanthanum ions as follows: 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Concentrate 7. 2 A 



Ingredient 



Concentration, 
9/1 



CoS04-7H20 

Ferrous ammonium sulphate 
Sodium fiuoroborate 
Succinic acid 
Nitric acid (100%) 



Concentrate 7.2B 



Ingredient 



24 
25 
12 
15 
25 
60 



Concentration, 

gli 



NaCI 

Ferrous ammonium sulphate 
Sodium succinate 
Nitric acid (100%) 



Concentrate 7.2C 



Ingredient 



24 
20 
25 
55 
60 



Concentration, 

gli 



Cr^^ 

Ferric ammonium sulphate 
Sodium succinate 
NaCl 

Nitric acid (100%) 



Concentrate 7. 2D 



Ingredient 



24 
50 
55 
20 
60 



Concentration, 

gli 



Cr-=* 

Ferric ammonium sulphate 

Succinic acid 

NaCl 

Nitric acid (100%) 

T 



I Concentrate 7,2E 



Ingredient ' 



24 
50 
25 
20 
.60 



Concentration, 

g/i 



Ferric ammonium sulphate 
NaCl 

Malonic acid 
Nitric acid (100%) 



Concentrate 7.2F 



Ingredient 



24 
50 
20 

»-i r- 

60 



Concentration, 



Cr^^ 

Fe2(SOJ3 
NaCl 

Gluconic acid 
Nitric acid (100%) 



24 
30 
20 
20 
60 



10 



15 



20 



25 



30 



35 



28 
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Concentrate 7.2G 



Ingredient 



Concentration, 
9/1 



1 

10 



15 



20 



25 



30 



35 



40 



45 



Ferric ammonium sulphate 
NaCI 

Maleic acid 
Nitric acid (100%) 



24 
50 
20 
25 
60 



A cerium ion concentrate was provided containing about 80 g/f eerie ions in the form of cerir 
^n^t^^ ^ l""'" ^"''^ ^" °^idiz'-ng agent concentrate was also provSed ^ 

contam.ng about 35% hydrogen peroxide. A series of operating baths (Examples 7 2 1 to 7 2 7) wpr. 
prepared suitable for forming a yellow passivate film on a substrate each cSninf 2% by voLme of 
of the 'dhro '°" 2% by volume of the oxidizing agent concentrate. anS by vo^^me of one 

of the chromium concentrates 7.2A to 7.2G respectively. voiume ot one 

A lanthanum ion concentrate was provided containing about 60 q/l lanthanum ions in the frrrr, 
a solutnon of lanthanum chloride. An oxidizing agent concentrate was also prS^ded conta^ 
In^i,^^^ ^ ^^"^^ °^ operating baths (Examples 7.2.8 to 7.2 1 4) were prepa ed suitable 

o^ coTcTn'tra^^S^'v^^^^^ on a substrate each containing 2% by volume "of t^eTanth num 

crroruTS:en^fa?e7°'2T:o1.2'S refpectPve'?;"^ concentrate, and 2% by volume of one of the 

nno ^= described in Example 7.1 were processed through each of the 

operating-baths (Examples 7.2.1 to 7.2.14) under the conditions as setforthln B^Lmpre 7 1 whereafter 

inL'^ortKnln whlchX^Hc^^^^ '° V"'"^^^ ^^^^^"^-^ employi;5Tn'i^ueou: sH cate 

c^^n ft the silicate concentration was varied from-about 1 to about 40 g/l calculated as 

d S^d^ndTublected LT^'"^ "^""^i'^" '° ' '^^^ '° ^^'C'" subs^queS air ' 

trst:epo;;e'i^^^^^^^^^^^^ ^--"'^^ ^" ^-p,e 7.1. Similar rLu.ts to 

Examples 7.3.1 to 7.3.6 

A series of operating baths was prepared as follows; 

Operating bath 7. 3 A 

Concentration^ 
ingredient gll 



Cr^CSOJa 

NH4HF2 

H2SO4 



FeNH^SO^* 
C0SO4 • 7HjO 

•Ferrous Ammonium Sulphate=Fe{SOJ 



2.2 

.18 

1.2 

5.3 

0.25 

1.6 



10 



15 



20 



25 



30 



35 



Operating bath 7.3B 

Concentration, 
Ingredient g/f 



40 



Cr2{S0J3 
NH4HF2 

FeNH^SO^ 
C0SO4 . 7H:jO 



5.6 

0.4 

2.7 

5.3 

0.58 

3.75 



45 
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Ooerating bath 7 .3C 

^ Concentration. 

Ingredient 
TT " 3.0 

H2SO. 5-3 

^2^^ ^ 0 25 

FeNH^SO^ ^•'T 

NiNH4S04* 



10 



15 



20 



e..inhate=NiSO. • (NH4)2S04 • 6H2O 
*Nickel Ammonium Suiphate-iM»ow4 . ^ 

Operating bath 7 .3D 

^ Concentration, 

Ingredient 

3.0 

Cr2{S04)3 q'24 
NH4HF2 ^'54 

H2SO4 0.24 
FeNH4S04 53 

H2O1 1 o 

MnS04 • H2O 

Operating bath 73£ 

Concentration, 

Ingredient 

" " ~ 3 0 

Cr2(S04)3 024 
NH4HF2 ^'54 
H2SO4 24 
25 FeNH4S04 

H2O2 1 o 

Operating bath 7.3F 

Concentration, 

30 Ingredient 

"""" 3.0 

CrzCSOjj q'24. 

0.24 

FeNHaSO* g 3 



35 



,MH.).(NiMoO„H.,...H,u - ^^^^^p„,,3sed through 

Z,nc plated test panels prepared as previous.V des-b^^^^^^^^^^^^ P-^^l'^sSe^ ' 

the foregoing operating ^-.^'^^j,^^':::''^,^;, rins d an^^ subiected to an aqueous - ^"^^P/J^^d ,rom 
Exarnple 7.1 whereafter they we^^e wate^ 

passSvotsd and post rinsed 

Example 7.1 and similar resuu. V,..- obta 

thereon comprising 
55 A) an acid, 

B) an oxidizing agent, ana 



45 



50 
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C) iron and cobalt ions present in an amount effective to impart increased corrosion ..sistance to 

3 AT::::Z'^uS^n:s daimed in Caim 1 or Cairn 2 also comprising 

D) chromium ions substantially all of which are " f « 1^^^^^^^^^^ impart a chromate 
5 4. An aqueous acidic-solution for treating receptive metal substrates to imparx a 

passivate film thereon comprising 
A) an acid, 

the treated substrate, and . ^ ^ . , ♦ 

1 5 passivate film thereon comprising 
A) an acid. 

C) cer^lTm -Snl p?eTent in an amount effective to impart increased corrosion resistance to the 

treated substrate, and . ♦u^ triv/a(ant state 20 

passivate film thereon compnsing . , u 
A) hydrogen ions to provide an acidic pH 



10 



15 



25 



0) chramlum to™ s„bstan«ally all of which ar. 'i^"^;^2S?;ra™unt effaotlve to Impart 30 

formula: 

{OH)aR(C0OH)b . 

wherein: 35 
35 a is an integer from 0 to 6; 

S'rap™S"nX!, 'S^^lor a-y, group containing from C, to C. carbon atoms: 

40 passivate film thereon comprising 

A) hydrogen ions to provide an acidic pH, 

D, ch™m"m1on\"sut™n«a,iy ai, of which are prasent in th, tn»ai=n, stata .«> prasant in an 
amount effective to produce a chromate film, and amount effective to provide 

F) a bath soluble and compatible si'i'^^^^ ^f'^P^""^,^;;^^^^^^^^ the substrate. 

50 improved hardness to the passivate film, ^"f '^"^^^^^^b^^^^^^^ cSromate 

8. An aqueous acidic solution for treating receptive metal substrates lo impd 
passivate film thereon comprising 

A) hydrogen ions to provide an acidic pH, 

5S ' c!lurJfonLTlna,me.a,ionse.ect.d,rom,hagrou„^^^^^^^^^ 

:rr,s:r=x=t"T=rtrToi'^^^^^^^^^^^^^^^ 

D, ch™on\1ubs«n,ia,,v all of which ara prasan, in ^ .Hval.n. stata and present in an 

60 amount effective to produce a chromate filrn, and dibhosDhonic acid and 

G) a stabilizing agent comprising a mixture of 1 -hydroxy «^^^Y ''^f "/'J 'v^^ amount 
citric add as well as the bath soluble and "^^^^^fi,^ "e pH^ solution, 

effective to reduce loss of the oxidizing agent and to inhibit a nse in tne pn a 



40 



45 



50 
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1 1 An aqueous solution as claimed m claim i u .^5 
5 nitric or hydrochloric acid or '"''^^"J.^J^';^^^^^^^^ of claims 1 to 1 1 having a pH of about 1 .2 to 

1 2 An aqueous solution as claimeo in dnyu 

'■""NVao aqueous so,u.,on as CaimeCn anyona o, claims 1 ,o , 2 having a pH o. abou. , .5 ,c 
, o a<,u.oua so.u.lon as c,a,™d ,n anyona of c,a,ms 1 » 1 3 haVng a pH o. abo., 1 .5 ,o 10 

about 2.0. , . . . »„vone of claims 1 to 1 4 having a pH of about 1 .6 to 

1 5 An aqueous solution as claimed m anyone ot cam 
about 1.8. , . H.imed in anyone of claims 1 to 15 in which the said oxidizing agent. 

1 6. An aqueous !f„='^ "J.^^bout Tto^^^ g/i cafculated on a v^eight equivalent 1 5 

1 5 ingredient 8, is present in an amount of about i to y/ 

effectiveness basis to hydrogen perox.de. oxidizing agent is present in an 

,0 -'-'fl: An ao.aous ao.«on as c,a,.ad . anyone o, Calms 1 .o 1 7 ,n vHlc. *= said „.dl.n, a,an, 

comprises a peroxide. ^ g . ^ich the said oxidizing agent comprises 

1 9. An aqueous solution as claimed m claim i o m w 

hydrogen peroxide. i i o in which the said at least one additional 

. .eta|-ntn=^^^^^^^^^^^^^^ 

-"-2°{ trq^eVJsS J °af claimed in anyone of claims 1 5 to 20 in which ingredient C is present 

^" ^^rra^uroursoUiSn' as claimed in Claim 21 in which ingredient C is present in an amount of 

30 about 0.02 to about 1 g/l. . ^2 in which ingredient C is present in an amount of 

23. An aqueous solution as claimed in claim 

about 0.1 to about 0.2 g/l. 23 further containing at least one 

24. An aqueous -'-^^-^^^ cobalt nickel, molybdenum, 
additional metal ion selected frorn the group ^^jxtures thereof. . . 

35 To;rn%fc1aT;r^an^^ 1 .0 24 .unher eon,.,n,ng as an 

=^^"'r/';:;CLrs sotiTas caiman m damn In v*l=. tna said at laas, ona additional meta, ,on . 

,0 --'i7"A'nTo.aous solu^on as olal.ad In anyona o, claims « ot 2a In v*,c. tn. said at Last 
-^1^:^^^^^^^^ anyone of Calms 24 ,0 27 In wnlcH the said a. leas, one 
'^^'T/raole^rsXfon afclal'mad In anyone of Calms 24 ,c 28 In wMcH the said at leas, one 

45 addKional me,al Ion "™7»%'"°J,^^'e5ranyone of Calms 24 ,0 29 in which ,h. said a, leas, on. 

30 An aqueous solution as claimea in dnyu 
sddHlona, maul -vone of Calms 24 .o 30 In .hich ,ha said a, ieas, one 

50 '^■''ly'A'-n^rorsTur arcrrin anyone of Caims 24 ,o 3, in which the said a, ..as. one 

additional m.tal Ion "Xfon^s CaSa ^-one of claims 24 to 32 in which ,h= said a, leas, one 

33 An aqueous solution as i-iciiK— ■• 

additional metal ion ^73;7,Ji„ anyone of claims 1 to 33 in which the trivalent chro...-.um ^ 

34 An aqueous solution as ciaimeu °' /, * saturation. 

55 ions, ing^edien't D. are present in an amount ^J^^-^^^.^^HfchtVe trivalent chromium ions are present 

35 An aqueous solution as claimed in.claim m 

in an amount of about 0.2 to about 2 g/l ^^^g,^^, chromium ions are presen 

36 An aqueous solution as claimed in claim n .6 
in an amount of about 0.5 to about 1 g/l. 35 further including halide ions. 

60 37°An aqueous solution as claimed in anvone o cla.ms^^^^ ^^.^ ^^^.^^ .^^^ p^^^,,, 3n 

38 An aqueous solution as claimed in Claim o>/ 
,moun,^.„ » abou,J ^, „„„ 38 In which ,ha said halida ions are ptes.n, ,n an 

amount of about 0.1 to about 2.5 g/l. 
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40. An aqueous solution as claimed in claim 37 in which the said halide ions are present in an 
amount up to about 2 g/l. 

41 . An aqueous solution as claimed in claim 40 in which the said halide ions are present in an 
amount of about 0.1 to 0.5 g/L 

5 42. An aqueous solution as claimed In anyone of claims 1 to 41 further containing a surfactant. 5 

43. An aqueous solution as claimed in claim 42 in which the said surfactant is present in an 
amount up to about 1 g/l. 

44. An aqueous solution as claimed in claim ^3 in which the said surfactant is present in an 
amount of about 50 to about 1 00 mg/I. 

1 0 45. An aqueous solution as claimed in anyone of claims 1 to 44 further containing sulphate ions 1 0 

in an amount up to about 1 5 g/l. 

46. An aqueous solution as claimed in claim 45 containing sulphate ions in an amount of about 
0.5 to about 5 g/l. 

47. An aqueous solution as claimed in claim 4 or as claimed in anyone of claims 9 to 46 when 
^P^"^3"^ ^° claim 4 in which the said iron ions are present in an amount of about 0.05 to about 0.5 1 5 

48. An aqueous solution as claimed in claim 47 in which the said iron ions are present in an 
amount of about 0. 1 to about 0.2 g/l. 

nn solution as claimed in claim 2 or as claimed in anyone of claims 9 to 48 when 

20 appendant to claim 2 in which the said iron and the said cobalt ions are present in an amount of about 20 
0.02 to about 1 g/l. 

50. An aqueous solution as claimed in claim 49 in which the said iron and the said cobalt ions are 
present in an amount of about 0.1 to about 0.2 g/I. 

5 1 . An aqueous solution as claimed in anyone of claims 2, 3 or 4 or claims 6 to 50 when 

25 appendant to claims 2, 3 or 4 further containing cerium ions present in an amount of about 0.5 to 25 
about 10 g/l. ; 

52. An aqueous solution as claimed in claim 51 containing cerium ions in an amount of about 1 0 
to about 4 g/l. 

-^n I • solution as claimed in claim 5 or in anyone of claims 9 to 52 when appendant to 

claim 5 in which the said cerium ions are present in an amount of about 0.5 to about 1 0 g/l. 30 

54. An aqueous solution as claimed in claim 53 in which the said cerium ions are present in an 
amount of about 1 .0 to about 4 g/l. 

55. An aqueous acidic solution as claimed in anyone of claims 1 to 52 containing cerium ions in 
an amount of about 0.5 to about 1 0 g/l. 

35 56. An aqueous acidic solution as claimed in claim 55 in which the aqueous acidic solution 35 

contains cerium ions in an amount of about 1 to about 4 g/I. 

57. An aqueous solution as claimed in claim 6 or in anyone of claims 9 to 56 when appendant to 
claim 6 in which the said carboxylic acid, ingredient E, is present in an amount of about 0.05 to about 4 
g/l 

40 58. An aqueous solution as claimed in claim 57 in which the said carboxylic acid is present in an 40 

amount of about 0.1 to about 1 g/I. 

59. An aqueous solution as claimed in claim 5 or in anyone of claims 9 to 58 when appendant to 

claim 6 in which the said organic carboxylic acid comprises malonic, maleic, succinic, gluconic, tartaric 

or citnc acid or mixtures thereof as well as salts thereof, 
45 60. An aqueous solution as claimed in claim 57 or claim 58 in which the said cariDOxylic acid and 45 

salts thereof comprises succinic acid. 

61 . An aqueous solution as claimed in claim 57 or claim 58 in which the said carboxylic acid and 

salts thereof comprises malonic acid, 
en . aqueous solution as claimed in claim 57 or claim 58 in which the said carboxylic acid and 

ou salts thereof comprises maleic acid. . gQ 

63. An aqueous solution as claimed in claim 57 or claim 58 in which the said carboxylic acid and 
salts thereof comprises gluconic acid. 

64. An aqueous solution as claimed in claim 57 or claim 58 in which the said carboxylic acid and 
salts thereof comprises tartaric acid. 

55 65. An aqueous solution as claimea in claim 57 or claim 58 in which the said carboxylic acid and 55 

^ salts thereof comprises citric acid. 

66. An aqueous solution as claimed in claim 7 or in anyone of claims 9 to 65 when appendant to 
claim 7 in which the said silicate compound is present in an amount of about 0. 1 to about 5 g/l 



calculated as SIQ^ 



60 



60 67. Ah aqueous solution as claimed in claim 66 in which the said silicate compound is present in 

an amount of about 0.1 to about 0.5 g/l calculated as SiO^. 

63. An aqueous solution as claimed in claim 7 or in anyone of claims 9 to 67 when appendant to 
claim 7 m which the said silicate compound comprises an inohganic bath soluble and compatible 
silicate compound present in an amount up to about 2 g/l. 
65 69. An aqueous solution as claimed in claim 68 in which the said silicate compound comprises 65 




20 



20 



an alkali metal or ammonium silica e '=°'^P°""^^'^7"';;iVanvone of claims 9 to 67 in which the sa.d 

70. An aqueous solution as m daj^m 7 oj^ .n a V ^^^^^^ 3^ gnaount of 

silicate compound comprises a quaternary ammonium smcax 

about 0.01 to about 5 g/l calculated as SiOj- ^ ^ gaid silicate compound compnses 5 

5 71 . An aqueous solution as ^rnount of about 0.1 to about 0.5 g/l calculated 

quaternary ammonium silicate compound present m an amou 

as SiO,. . . 70 or claim 7 1 in which the said silicate compound 

72. An aqueous solution as claimed in ciaim / u " 
has the following stmctural formula: 

ROR'acSiOvVH^O ^° 

10 

Wherein: .„„„nium radical substituted with four organic radicals selected from 

R' represents R or a hydrogen atom; 1 5 

15 X is an integer from 1 to 3, and 

y is an integer from 0 to 15. ^ ^^^.^^ ^ 71 further containing a bath 

film, the organic acid having the structural formula: 

(OH), R (COOH)b 

Wherein: 

a is an integer from 0 to 6; -in 
R IVp^Ss^^n Z!. "kenv" or ary. group containing from C, to C« carbon atoms; as well as the 
bath soluble and compatible salts thereof. ^^.^ carboxylic acid is present in an 

74. An aqueous solution as claimed in claim / J in wnn. 
amount of about 0.05 to about 4 g/l. carboxylic acid is present in an 

75. An aqueous solution as claimed in claim 74 m wnicn 
amount of about 0.1 to about 1 g/l. 75 ^^ich the said organic carboxylic 

76. An aqueous solut^c^n as claime^^ ^ucoTc tanaric. or citric acid or a mixture thereof as well as 
acid comprises malonic, maleic, succinic, yiuo 

salts thereof. . o anyone of claims 9 to 76 when appendant to 

clalmVlnt-h^^hrsatrhyd^^^^^^^^^ 

diphosphonic acid is present in an ^1;°""^°*^^^°;^^^; i'^ahyone of claims 9 to 78 when appendant to 40 

79. An aqueous solution as .^'^'"^^f' f,^'";" ^'ount of about 0.1 to about 1 0 g/l. 
claim 8 in which the said citric acid P^"f "•^Vg'^n^J^Jich the said citric acid is present m an 
80 An aqueous solution as claimed in claim /a in wn c 

'"°""81°A?aq.:e°ous"cot°e:V'^^^^ for dilution with water and by addition of 

45 A) hydrogen ions to provide an acidic pH, 

B) an oxidizing agent and consisting of iron, cobalt, nickel, molybdenum, 

C) at least one metal ^^J:°l^^^aSidrmi5ure and cerium, and mixtures thereof to 
manganese, aluminium, 'anthanum, lanthan ae ^'^ , g^bstrate to impart a 
prod^^ce an operating bath ' ^^^^^^^^^ about 10 to about 80 g/l 

50 chromate passivate film thereon the said concentrate^^^^^^ ^^^^^ ^^^^^ 5 

of chromium ions substantially all of "^^^^fjjl^'^^^^^'^^^ silicate, 
about 50 g/l calculated as SiO, of an °[9^"^'=g^;fJX,Tnc^^S^^ up to about 50 g/l of halide 
82. An aqueous concentrate as claimed in claim 81 further mciua g 

ions. M.-.^^ri in claim 81 or claim 82 further including a surfactant 

55 83 An aqueous concentrate as claimed in claim o 

present in an amount of up to about 5^1. g^^bstantially as specifically described herein with 

84. An aqueous solution as claimed -n claim 4 suDstan ^ 
reference to Examples 2.1 . 2.2. 2.3. 2.4 2-5B. 2.5C. 2-^^^^^^^^^^ ^ ,j,,^^ate passivate film thereon 

85. A process for treating a ^««.P^7^""^^"' '^^^^^^ as claimed in claim 4 or as 6C 
60 Which comprises the of contactmg the^^^^^^^^^^ ^ 3^ 3, 3 temperature of about 

claimed in anyone or claims 9 to au wnen a^u 
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40° to about 1 50°P (4** to 66*^0) for a period of time sufficient to form a passivate film thereon. 

86. A process as claimed in claim 85 substantially as specifically described herein with reference 
to anyone of the accompanying Examples 2.1 to 2.4, 2.5B, 2.5C, 2.5D, 2.6, 2.7 or 2.8. 

87. A receptive substrate whenever provided with a passivate by a process as claimed in claim 

5 85 or claim 86. - . 5 

88. An aqueous solution as claimed in claim 2 substantially as specifically described herein with 
. reference to Example 1.1 or 1.2. 

89. A process for treating a receptive metal substrate to impart a passivate film thereon which 
comprises the steps of contacting the substrate with a solution as claimed in claim 2 or anyone of 

10 claims 9 to 80 when appendant to claim 2 or claim 88, at a temperature of about 40*^ to about 1 50° F 1 0 
(4° to 66°C) for a period of time sufficient to form a passivate film thereon. 

90. A process as claimed in claim 89 substantially as specifically described herein with reference 
to Example 1.1 or 1.2. 

9 1 . A receptive substrate whenever provided with a passivate by a process as claimed in claim 

15 89 or claim 90. 15 

92. An aqueous solution as claimed in claim 5 substantially as specifically described herein with 
reference to anyone of Examples 3-1 , 3,2, 3.3, 3.4 or 3.5. 

93. A process for treating a receptive metal substrate to impart a chromate passivate film thereon 
which comprises the steps of contacting the substrate with a solution as claimed in claim 5 or as 

20 claimed in anyone of claims 9 to 80 when appendant to claim 5 or claim 92 at a temperature of about 20 
40° to about 1 50° F (4° to 66° C) for a period of time sufficient to form a passivate film thereon. 

94. A process as claimed in claim 93 substantially as specifically described herein with reference 
to anyone of the accompanying Examples 3.1 , 3,2, 3.3, 3.4 or 3.5. 

95. A receptive substrate whenever provided with a passivate by a process as claimed in claim 

25 93 or claim 94. 25 

96. An aqueous solution as claimed in claim 6 substantially as specifically described herein with 
reference to anyone of Examples 4. 1 , 4.2 or 4.3. 

97. A process for treating a receptive metal substrate to impart a chromate passivate film thereon 
which comprises the steps of contacting the substrate with a solution as claimed in claim 6 or anyone 

30 of claims 9 to 80 when appendant to claim 6 or claim 96, at a ternperature of about 40° to about 30 
1 50°F (4° to ee^'C) for a period of time sufficient to form a passivate film thereon. 

98. A process as claimed in claim 97 substantially as specifically described herein with reference 
to anyone of the accompanying Examples 4. 1 , 4.2 or 4.3. 

99. A receptive substrate whenever provided with a passivate by a process as claimed in claim 

35 97 or claim 98. 35 
1 00. An aqueous- solution as claimed in claim 7 substantially as specifically described herein with 
reference to anyone of Examples 5. 1 , 5.2, 5.3, 5.4, 5.5, 5.6, 5.7 or 5.8. 

101. A process for treating a receptive metal substrate to impart a chromate passivate film 
thereon which comprises the steps of contacting the substrate with a solution as claimed in claim 7 or 

40 as claimed in anyone of claims 9 to 80 when appendant to claim 7 or claim 1 00, at a temperature of 40 
about 40° to about 1 50°F (4° to 66°C) for a period of time sufficient to form a passivate film thereon. 

102. A process for treating a receptive metal substrate to impart- a chromate passivate film 
thereon which comprises the steps of contacting the substrate with a solution as claimed in claim 7 or 
as claimed in anyone of claims 9 to 80 when appendant to claim 7 or claim 1 00, at a temperature of 

45 about 40° to about 1 50° F (4° to 66°C) for a period of time sufficient to form a passivate film thereon, 45 
contacting the passivated substrate with a dilute aqueous rinse solution for a period of at least about 
one second containing a bath soluble and compatible silicate compound present in an amount effective 
to impart improved corrosion resistance and hardness to the passivate film, and thereafter drying the 
passivated silicate rinsed substrate. 

50 1 03. A process as claimed in claim 1 01 or claim 1 02 substantially as specifically described 50 

herein with reference to anyone of the accompanying Examples 5.1 to 5:8. 

1 04. A receptive substrate whenever provided with a passivate by a process as claimed in claim 
101, 102 or 103. 

1 05. An aqueous solution as claimed in claim 8 substantially as specifically described herein with 

55 reference to anyone of the accompanying Examples 6.1 to 6.5. 55 
V 1 06. A process for treating a receptive metal substrate to impart a chromate passivate film 

thereon which comprises the steps of contacting the substrate with a solution as claimed in claim 8 or 
as claimed in anyone of claims 9 to 80 when appendant to claim 8 or as claimed in claim 1 05, at a 
temperature of about 40° to about 1 50°F (4° to 66°C) for a period of time sufficient to form a 

60 passivate film thereon. 60 
1 07. A process for treating a receptive metal substrate to impart a chromate passivate film 
thereon which comprises the steps of contacting the substrate with a solution as claimed in claim 8 or 
as claimed in anyone of claims 9 to 80 when appendant to claim 8 or as claimed in claim 1 05, at a 
temperature of about 40° to about 1 50°F (4° to 66°C) for a period of time sufficient to form a 

65 passivate film thereon, contacting the passivated substrate with a dilute aqueous rinse solution for a 65 
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film, and thereafter drying the Pfssivated 3"'"^;^;",=^^^ 07 sSantially as specifically described 

108. A process as claimed in claim 1 06 or claim 1 ^""j" . g = ^ 5 

5 herein with reference to anyone of the 3"°'"P^.7'"9jiTSrssiv^^^^^^^ process as claimed in claim 

1 09. A receptive substrate whenever provided with a passivaie uy 

1 06. 1 07 or 1 08. o„h«rate to imoart an improved chromate passivate 

1 10. A process for treating a receptive ""^^^l ^"^^J'^" '° ' solution containing effective 

film thereon which comprises the steps °^ P;,r''i"rareTth^^^^^^^^^ hydrogen ions to provide 1 0 

,0 amounts of chromium ions substantially all °^ ^l''^^^^™ '^^^ cobalt, nickel, molybdenum, 

a pH of about 1 .2 to about 2.5. an 0'<,'*,-"9 f^^^^ as mixtures thereof: 

manganese, aluminium, lanthanum, lanthan.de "^'^^"'"^ J° ^^^^ 3 ^iod of time sufficient to form a 
contacting the substrate with the said ^^"«°"=J=3f ^ =3tfboCtTne second the passivated substrate 

passivate film thereon, contacting for a period of « silicate compound 1 5 

1 5 with a dilute aqueous rinse solution ^""^^'^a a ba^^^^^^^^ film and improved 

present in an amount effective to silicate rinsed substrate. 

Corrosion resistance to the f^^strate and ^^-aftej ^^mg th^^^^^^^^^^ ^^^^^ .^^.^^ ^^.^ 

passivVtedt:j:trat1 p^^oIrcfnlJa^ctlng t^pastU substrate with the said apueous silicate nnse 
20 solution ^ ^ , ,,3,^ , , , i -tula^eVr^st' 

contains from'about 1 to 40 Q/' ^^^^^^ .mifz in whTch?he sai^^q^^^^^^^^^ rinfe solution contains from 
1 1 3 A process as claimed in claim 11 2 in whicn tne 

about 5 to about 1 5 g/l of the said silicate ">.^P°;i" ^l^to n 3 " which the said silicate compound 25 
25 1 1 4. A process as claimed in anyone of claims 11 0 to n J m 

comprise^s 1 14 in which the said inorganic silicate compound comprises 

an alkali -^^^aj^or ammonjum silic^^^^^^ ^^^.^^ 11 0 to 1 1 3 in which the said silicate compound 

30 comprise^s -^^^^^^^^f n 5 in which the said organic silicate compound comprises a 

quaternary ammomumsU^^^^^^^^^ ^ ^ ^ ^ ^ ,3,, ,,g3nic silicate compound 

has the structural formula: 

35 

25 ROR'ixSiOaryHiO 

W^^®"*^'"' • ^ c:„b<5tituted with four organic radicals selected from 

R' represents a hydrogen atom; 40 
40 z is an integer from 1 to 3; and 

y is an integerfrom 0 to 1 5. 1 in to 1-1 8 in which the said aqueous rinse 

1 1 9. A process as claimed in anyone of c'^'^s 1 1 0 to 11 » ™" 
solution is at a temperature of about 50° to about 150 F 1 0 to 66 U .o^^cting the 

45 passiJa^e^dtuS-aitf^^^^^^^ " 
one second up to about one minute. 1 1 n to 1 20 in which the said rinse solution further 

1 21 A process as claimed in anyone of claims 1 10 to 1 in wnicn ine 

contains f^om about 0.05 to about 5 g/l of ^J^ITP^^'^L^J^f ^'^^^ ^n wWch the said rinse solution further 

1 22 A process as claimed in anyone of claims 1 10 to 1 zi m wnicn uic 

50 contains from about 1 to about 50 g/l of an ^^'1'^^;^^^°!^^ ^ 2I in which the said rinse solution further 
1 23. A process 53 claimed m anyone of c aims 11 0 to 1 2 1 in wn. ^ ^^^^^ ^ ^ ^^^^^ , 

contains an alkali metal or ammonium nitrite or mixtures tnereu. ... 

TO 124. . - ^- r-i^;^ P7 Ql 99 104 1 09 or 1 25 in which the 
60 magnesium or magnesium alloy. , , ,nffir*. 

^ ion-? Pi rhitshed bv the Pa lent Office. 

. e • Pffirfl bv the Courier Press. LeamingTon Spa, 1 982. Publtsneo oy i 
Printed for Her MajesiY s Stafonery Office by ^'^^J-"" , ..^^ ,^.hich copies may be obtained. 

25 Southampton Buildings, London, WCZA .^t. 
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